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(57)Abstract: 

PURPOSE: To provide a reflection/refraction/projection optical 
system with superior image-forming performance without using a 
beam splitter and capable of employing a batch exposure system. 
CONSTITUTION: Light from a pattern on an object surface 1, after 
^^being reflected on the peripheral part of a first plane mirror M1 via a 
^^first convergence group G1, arrives at a second convergence group 
G2 consisting of a first concave reflecting mirror M2, and light 
reflected on the second convergence group G2 image-forms the 
intermediate image of the pattern in the aperture of the first plane 
mirror M1. Light from the first intermediate image imageH^rms the 
second intermediate image of the pattern in the aperture of a 
second plane mirror M3 t and light from the second intermediate 
image arrives at a fourth convergence group G4 consisting of a 
second concave plane reflecting mirror M4, and light reflected on the 
fourth convergence group G4 is reflected in the periphery of the 
second plane mirror M3, and reflected light image-forms the third 
intermediate image of the pattern on the surface of an image surface 
2 via a fifth convergence group G5. 
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CLAIMS 



[Claim(s)] 

[Claim l] The part I part image formation optical system which is the optical system 
which projects the image of the pattern on the 1st page on the 2nd page, and carries out 
image formation of the medium image of the pattern on said 1st page, The part II part 
image formation optical system which carries out re image formation of the image of 
said medium image on said 2nd page is arranged. One [ at least ] partial image 
formation optical system of said two partial image formation optical system The 
selection optical system by which image formation of said medium image is carried out 
to said the 1st field or 2nd field while reflecting the light of the 2nd field which is made 
to pass the light of the 1st field and is different from this 1st field, The reflective 
refraction projection optical system characterized by having the lieberkuhn which 
returns again the flux of light drawn through this selection optical system to this 
selection optical system, and the convergence group arranged between said 1st page and 
said selection optical system or between said selection optical system and said 2nd page. 
[Claim 2] The part I part image formation optical system which is the optical system 
which projects the image of the pattern on the 1st page on the 2nd page, and carries out 
image formation of the medium image of the pattern on said 1st page, The part II part 
image formation optical system which carries out image formation of the image of said 
medium image on said 2nd page is arranged. Said part I part image formation optical 
system The selection optical system which reflects the light of the 2nd field which is 
aslant arranged to an optical axis, is made to pass the light of the 1st field, and is 
different from this 1st field, The 1st convergence group which leads the flux of light 
from the pattern on said 1st page to said selection optical system, It has the 1st 
lieberkuhn which reflects the flux of light reflected by said selection optical system, and 
carries out image formation of the medium image of said pattern into said 1st field of 
said selection optical system, or said 2nd field. Said part II part image formation optical 
system is a reflective refraction projection optical system characterized by having the 
2nd lieberkuhn which returns again the flux of light from said medium image within 
said selection optical system to said selection optical system, and the 2nd convergence 
group which carries out image formation of the image of said medium image on said 2nd 
page from the flux of light again reflected by said selection optical system. 
[Claim 3] Focal distance fl which is the optical system which projects the image of the 
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pattern on the 1st page on the 2nd page, and converges the flux of light from the pattern 
on said 1st page in order [ page / said / 1st ] The 1st convergence group, The 1st selection 
optical system which reflects the light of the 2nd field which is made to pass the light of 
the 1st field and is different from this 1st field, and leads the flux of light from said 1st 
convergence group to consecutive optical system, Focal distance f2 which reflects the 
flux of light from said 1st selection optical system, and carries out image formation of 
the 1st medium image of said pattern including the 1st lieberkuhn into said 1st field of 
said 1st selection optical system, or said 2nd field The 2nd convergence group, Focal 
distance f3 which converges the flux of light from said 1st medium image, and carries 
out image formation of the 2nd medium image of said pattern While reflecting the light 
of the 2nd field which is made to pass the 3rd convergence group and the light of the 1st 
field, and is different from this 1st field this 1st field - or - this - with the 2nd selection 
optical system by which image formation of said 2nd medium image is carried out into 
the 2nd field Focal distance f4 which returns the flux of light from said 2nd medium 
image to said 2nd selection optical system including the 2nd lieberkuhn The 4th 
convergence group, Focal distance f5 which converges the flux of light drawn according 
to said 2nd selection optical system, and carries out image formation of the 3rd medium 
image of said pattern on said 2nd page Reflective refraction projection optical system 
characterized by having the 5th convergence group. 

[Claim 4] Said 1st selection optical system and said 2nd selection optical system are a 
reflective refraction projection optical system according to claim 3 characterized by 
being the reflecting mirror with which it has opening of a predetermined configuration, 
respectively, and image formation of the medium image of said pattern is carried out 
into this opening, respectively. 

[Claim 5] Said 1st selection optical system and said 2nd selection optical system are a 
reflective refraction projection optical system according to claim 3 characterized by 
being the small reflecting mirror with which it has the reflective section of a 
predetermined configuration, respectively, and image formation of the medium image of 
said pattern is carried out to these reflective circles, respectively. 

[Claim 6] said 1st convergence group - the PETTSU bar sum according to individual of 
said 5th convergence group -- respectively - pi -p5 ** - the time of carrying out . 
pl+p3+p5 >0 and -- Reflective refraction projection optical system according to claim 3, 
4, or 5 characterized by satisfying the conditions of p2+p4 <0. 

[Claim 7] The reflective refraction projection optical system according to claim 3, 4, 5, or 
6 characterized by satisfying the conditions of 0.1 <= | betal2 1 <=2 when the image 
formation scale factor of said 1st medium image by said 1st convergence group and the 
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2nd convergence group is set to beta 12. 

[Claim 8] It is an image formation scale factor from said 1st medium image by said 3rd 
convergence group to said 2nd medium image beta 3 Reflective refraction projection 
optical system according to claim 3 to 7 characterized by satisfying the conditions of 0. 1 
<= | beta3 I <=2 when it carries out. 

[Claim 9] The reflective refraction projection optical system according to claim 3 to 8 
characterized by satisfying the conditions of 0.1 <= I beta45 1 <=2 when the image 
formation scale factor from said 2nd medium image by said 4th convergence group and 
the 5th convergence group to said 3rd medium image is set to beta 45. 
[Claim 10] The reflective refraction projection optical system according to claim 3 to 9 
characterized by having set the periphery of a field to which image formation of said 1st 
medium image is carried out within said 1st selection optical system, and the pupil 
surface of said 3rd convergence group as conjugate relation, and setting the periphery of 
the field where image formation of said 2nd medium image is carried out to the pupil 
surface of said 3rd convergence group within said 2nd selection optical system as 
conjugate relation. 

[Claim 11] It is the focal distance fl of said 1st convergence group about spacing with 
the location where image formation of said 1st medium image is carried out to the 
backside [ said 1st convergence group ] principal point within said 1st selection optical 
system. Reflective refraction projection optical system according to claim 3 to 10 
characterized by setting up almost equally and making it become telecentric optical 
system mostly by said 1st page side. 

[Claim 12] It is the focal distance f5 of said 5th convergence group about spacing with 
the location where image formation of said 2nd medium image is carried out to the 
before [ said 5th convergence group ] side principal point within said 2nd selection 
optical system. Reflective refraction projection optical system according to claim 3 to 11 
characterized by setting up almost equally and making it become telecentric optical 
system mostly by said 2nd page side. 

[Claim 13] It is the focal distance fl of said 1st convergence group about spacing with 
the location where image formation of said 1st medium image is carried out to the 
backside [ said 1st convergence group ] principal point within said 1st selection optical 
system. It sets up almost equally. It is the focal distance f5 of said 5th convergence 
group about spacing with the location where image formation of said 2nd medium image 
is carried out to the before [ said 5th convergence group ] side principal point within 
said 2nd selection optical system. It sets up almost equally. The reflective refraction 
projection optical system according to claim 3 to 12 characterized by making it become 
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telocentric optical system mostly by said said 1st page and 2nd page side, respectively. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the reflective refraction projection 
optical system which has the resolution of a submicron unit in an ultraviolet-rays 
wavelength region by applying to the actual size of the projection aligner used in case a 
semiconductor device or a liquid crystal display component is manufactured at a 
photolithography process, or the projection optical system for cutback projection, and 
using a reflective system as an element of optical system especially about a suitable 
reflective refraction projection optical system. 
[0002] 

[Description of the Prior Art] In case a semiconductor device or a liquid crystal display 
component is manufactured at a photolithography process, a photo mask or the pattern 
image of reticle (it is hereafter named "reticle" generically) is reduced to about 1/5 
through a projection optical system, and the projection aligner exposed on the 
substrates (a wafer, glass plate, etc.) with which sensitization material (photoresist etc.) 
was applied is used. The resolution required of the projection optical system currently 
used for the projection aligner is increasing increasingly as degrees of integration, such 
as a semiconductor device, improve. 

[0003] In order to satisfy this demand, wavelength of the illumination light must be 
short-wavelength-ized, and numerical aperture (NA) of a projection optical system must 
be enlarged. However, if the wavelength of the illumination light becomes short, since it 
is the absorption of light, the class of ** material which is equal to practical use will be 
restricted. Especially the ** material that can be practically used if wavelength is set to 
300nm or less serves as only synthetic quartz and fluorite. Since it is not separated from 
it so that both Abbe number is enough to amend chromatic aberration, when 
wavelength is set to 300nm or less, with having constituted the projection optical 
system only from refractive media, chromatic- aberration amendment becomes very 
difficult. Moreover, since the change property of the refractive index by the temperature 
change and the so-called temperature characteristic are bad, are on processing of lens 
polish further and have many problems, fluorite cannot use fluorite for many parts. 
Therefore, it is dramatically difficult to form the projection optical system which has the 
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resolution demanded only by refractive media. 

[0004] On the other hand, although to constitute a projection optical system only from a 
reflective system is also tried in order that a reflective system may not have chromatic 
aberration, a projection optical system is enlarged in this case, and aspheric 
surface ization of a reflector is needed. That is, it is also very difficult to constitute a 
projection optical system only from a reflective system. Then, the technique which 
constitutes a cutback projection optical system from so-called cata-dioptric system 
which combined a reflective system and refractive media is proposed variously. By 
JP,63*163319,A, ring visual field optical system is proposed as the example. It consists 
of this ring visual field optical system, using axial outdoor daylight so that only the 
zona-orbicularis section besides a shaft may be exposed, so that incident light and the 
reflected light may not interfere mutually. 

[0005] Moreover, the cutback projection mold aligner equipped with the cata-dioptric 
system which bundles up using the flux of light near a shaft top, and projects the image 
of reticle is proposed as another example by arranging the beam splitter which consists 
of half mirrors inside in JP,51-27116,B or JP,2-66510,A. 
[0006] 

[Problem(s) to be Solved by the Invention] Among the Prior arts like the above, by ring 
visual field optical system, in order to avoid interference with incident light and the 
reflected light, while it is required to reflect the flux of light repeatedly using many 
mirrors, therefore the whole optical system becomes complicated, there is inconvenience 
that it is difficult to enlarge numerical aperture. 

[0007] And since exposure area could not expose the pattern of reticle for example, on 
the wafer by package narrowly, either, the so-called scanning exposure exposed while 
moving reticle and a wafer at a mutually different rate according to the cutback scale 
factor of a projection optical system needed to be performed. For this reason, the 
configuration of the device section of a projection aligner became complicated, and it 
was disadvantageous in respect of a manufacturing cost and exposure precision. That is, 
by the scanning exposure method, it is difficult overly to expose a detailed pattern to 
high degree of accuracy on a wafer, and it could not but turn into what also has a very 
high manufacturing cost. 

[0008] In the conventional cata-dioptric system which bundles up using the flux of light 
near a shaft top, and projects the image of reticle on the other hand, there was 
inconvenience that there were many flares by the internal reflection by the reflected 
light from a wafer side and the internal reflection in the refracting interface of the 
optical system after a beam splitter. Furthermore, if there was inconvenience that the 
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phase change of the light in the heterogeneity of the reflection property of the beam 
splitter by change of whenever [ angleofincidence / of the flux of light ], the absorption 
of light by the reflective film, and the reflective film, the heterogeneity of the reflective 
film itself, etc. degraded an image formation property, the synthetic resolution as a 
projection optical system deteriorated and resolution was enough especially as a 
projection optical system of the aligner for semi-conductor manufacture, there was 
nothing. Moreover, because of the quantity of light loss by the beam splitter, the 
utilization effectiveness of light became the low thing which is 25% - about 10%, and it 
was not able to be said that it was practical. 

[0009] This invention aims at offering the reflective refraction projection optical system 
which was excellent in the image formation engine performance which can take an 
one-shot exposure method unlike the ring visual field optical system which is 
constituted using a reflective system and refractive media, and exposes only the 
zona orbicularis section using an axial outdoor daylight bundle, without using the beam 
splitter which consists of half mirrors in view of this point. 
[0010] 

[Means for Solving the Problem] As the 1st reflective refraction projection optical 
system by this invention is shown in drawing 1 The part I part image formation optical 
system which is the optical system which projects the image of the pattern on the 1st 
page (l) on the 2nd page (2), and carries out image formation of the medium image (3) of 
the pattern on the 1st page (l), The part II part image formation optical system which 
carries out re-image formation of the image of a medium image (3) on the 2nd page (2) is 
arranged. One [ at least ] partial image formation optical system of these two partial 
image formation optical system selection optical system Ml by which image formation 
of the medium image (3) is carried out to these 1st fields or the 2nd field while reflecting 
the light of the 2nd field which is made to pass the light of the 1st field and is different 
from this 1st field Lieberkuhn M2 which returns again the flux of light drawn through 
this selection optical system to this selection optical system The 1st page (l) and 
selection optical system Ml Between or selection optical system Ml Convergence group 
Gl arranged between the 2nd page (2) It has. 

[0011] In addition, for the optical system of drawing 1 , the part I part image formation 
optical system is the lieberkuhn M2. Although it is the example which it has, the part II 
part image formation optical system is the lieberkuhn M4. The example which it has is 
the optical system of drawing 2 . That is, both the optical system of drawing 1 and the 
optical system of drawing 2 belong to the 1st reflective refraction projection optical 
system of this invention. 
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[0012] The 2nd reflective refraction projection optical system Moreover, for example, the 
part I part image formation optical system which is the optical system which projects 
the image of the pattern on the 1st page (l) on the 2nd page (2), and carries out image 
formation of the medium image (3) of the pattern on the 1st page (l) as shown in 
drawing 3 , The part II part image formation optical system which carries out image 
formation of the image of a medium image (3) on the 2nd page (2) is arranged. The part 
I part image formation optical system selection optical system Ml which reflects the 
light of the 2nd field which is aslant arranged to an optical axis, is made to pass the 
light of the 1st field, and is different from this 1st field the flux of light from the pattern 
on the 1st page (l) selection optical system Ml The 1st convergence group Gl to draw 
Selection optical system Ml The reflected flux of light is reflected and it is the selection 
optical system Ml. The 1st lieberkuhn M2 which carries out image formation of the 
medium image (3) of the pattern into the 1st field or its 2nd field It has. The part II part 
image formation optical system is the selection optical system Ml. It is the selection 
optical system Ml again about the flux of light from an inner medium image (3). The 
2nd lieberkuhn M4 to return Selection optical system Ml The 2nd convergence group 
G5 which carries out image formation of the image of a medium image (3) on the 2nd 
page (2) from the flux of light reflected again It has. 

[0013] Moreover, the 3rd reflective refraction projection optical system is optical system 
which projects the image of the pattern on the 1st page (l) on the 2nd page (2), as shown 
in drawing 4 . focal distance fl which converges the flux of light from the pattern on the 
1st page (l) in order [ page / (l) / 1st ] The 1st convergence group Gl the light of the 2nd 
field which is made to pass the light of the 1st field and is different from this 1st field - 
reflecting the 1st convergence group Gl from - the 1st selection optical system Ml 
which leads the flux of light to consecutive optical system the 1st lieberkuhn M2 
containing - the 1st selection optical system Ml from - the flux of light - reflecting -- 
the 1st selection optical system Ml Focal distance f2 which carries out image formation 
of the 1st medium image (3) of the pattern into the 1st field or its 2nd field The 2nd 
convergence group G2 Focal distance f3 which converges the flux of light from the 1st 
medium image (3), and carries out image formation of the 2nd medium image (4) of the 
pattern 3rd convergence group G3 While reflecting the light of the 2nd field which is 
made to pass the light of the 1st field and is different from this 1st field this 1st field - 
or -* this - the 2nd selection optical system M3 by which image formation of the 2nd 
medium image (4) is carried out into the 2nd field the 2nd lieberkuhn M4 containing 
the flux of light from the 2nd medium image (4) - the 2nd selection optical system M3 
Focal distance f4 to return The 4th convergence group G4 The 2nd selection optical 
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system M3 Focal distance f5 which converges the drawn flux of light and carries out 
image formation of the 3rd medium image of the pattern on the 2nd page (2) The 5th 
convergence group G5 It has. 

[0014] In this case, that 1st selection optical system and an example of that 2nd 
selection optical system are reflecting mirrors (Ml and M3) with which it has opening 
(Hi and H2) of a predetermined configuration, respectively and image formation of the 
medium image (3 4) of that pattern is carried out into these openings, respectively, as 
shown in drawing 4 . 

[0015] Moreover, the 1st selection optical system and other examples of the 2nd 
selection optical system are small reflecting mirrors (Ml M3 ') with which it has the 
reflective section of a predetermined configuration, respectively and image formation of 
the medium image (3 4) of the pattern is carried out to these reflective circles, 
respectively, as shown in drawing 5 . Therefore, the optical system of drawing 4 and the 
optical system of drawing 5 are optically equivalent. 

[0016] In this case, the optical system of drawing 1 is optical system to the 2nd selection 
optical system M3 of drawing 4 - the 5th convergence group G5. It is equivalent to what 
was excluded and the optical system of drawing 2 is the optical system of drawing 4 to 
the 1st convergence group Gl - the 1st selection optical system Ml. It is equivalent to 
what was excluded. Moreover, the optical system of drawing 3 is the optical system of 
drawing 4 to 3rd convergence group G3. It is equivalent to what was excluded. 
Therefore, the 1st and 2nd reflective refraction projection optical systems by this 
invention are the 3rd reflective refraction projection optical system according to this 
invention respectively to convergence group Gl G5. And selection optical system Ml 
and M2 It is possible that which the inner element was excluded. And convergence 
groups G1-G5 excluded in this way By considering that the PETTSU bar sum is 0, the 
conditions imposed to the 3rd reflective refraction projection optical system of this 
invention in following conditional-expression (l) - (10) are applied also to the 1st [ of this 
invention ], and 2nd reflective refraction projection optical systems, respectively. 
[0017] That is, they are the 1st convergence group Gl - the 5th convergence group G5 
first. It is the PETTSU bar sum according to individual, respectively pi -p5 When it 
carries out, it is desirable to satisfy the following conditions. 
pl+p3+p5 >0 and - p2+p4 <0 (l) 

[0018] Moreover, the 1st convergence group Gl And the 2nd convergence group G2 
When beta 12 and the image formation scale factor of the whole system are set to beta 
for the image formation scale factor of the 1st medium image (3) to twist, it is desirable 
to satisfy the following conditions. 
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0.1 <= I beta 12 1 <=2 (2) 

moreover, 3rd convergence group G3 the image formation scale factor from the 1st 
medium image (3) to the 2nd medium image (4) to twist -- beta 3 ** -- when it carries out, 
it is desirable to satisfy the following conditions. 
[0019] 

0.1 <=|beta3 l<=2(3) 

[0020] Furthermore, the 4th convergence group G4 And the 5th convergence group G5 
When the image formation scale factor from the 2nd medium image (3) to the 3rd 
medium image (4) to twist is set to beta 45, it is desirable to satisfy the following 
conditions. 

0.1<=|beta45|<=2 (4) 

Moreover, the 1st selection optical system Ml Field HI where image formation of the 
medium image (3) is carried out inside A periphery and 3rd convergence group G3 A 
pupil surface is set as conjugate relation and it is 3rd convergence group G3. A pupil 
surface and the 2nd selection optical system M3 Field H2 where image formation of the 
medium image (4) is carried out inside It is desirable to set a periphery as conjugate 
relation. 

[0021] Furthermore, the 1st convergence group Gl The backside principal point and the 
1st selection optical system Ml It is the 1st convergence group Gl about spacing with 
the location where image formation of the medium image (3) is carried out inside. Focal 
distance fl It is desirable to set up almost equally and to become telecentric optical 
system mostly by the 1st page (l) side. Moreover, the 5th convergence group G5 The 
before side principal point and the 2nd selection optical system M3 It is the 5th 
convergence group G5 about spacing with the location where image formation of the 
medium image (4) is carried out inside. Focal distance f5 It is desirable to set up almost 
equally and to become telecentric optical system mostly by the 2nd page (2) side. 
[0022] Moreover, the 1st convergence group Gl The backside principal point and the 1st 
selection optical system Ml It is the 1st convergence group Gl about spacing with the 
location where image formation of the medium image (3) is carried out inside. Focal 
distance fl It sets up almost equally. The 5th convergence group G5 The before side 
principal point and the 2nd selection optical system M3 It is the 5th convergence group 
G5 about spacing with the location where image formation of the medium image (4) is 
carried out inside. Focal distance f5 It is desirable to set up almost equally and to 
become telecentric optical system mostly by the 1st page (l) and 2nd page (2) side, 
respectively. 
[0023] 
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[Function] According to the 1st reflective refraction projection optical system of this this 
invention, the medium image (3) of the pattern on the 1st page (l) by the part I part 
image formation optical system is relayed by the part II part image formation optical 
system on the 2nd page (2). Moreover, it is the lieberkuhn M2 in either [ at least ] the 
part I part image formation optical system or the part II part image formation optical 
system. It is used and they are refractive media and its lieberkuhn M2. As a means 
which bends the optical path of a between Selection optical system Ml, such as a small 
reflecting mirror (for example, Ml ' of drawing 5 ) which reflects light in the center only 
in the reflecting mirror (for example, Ml of drawing 1 ) or center section which has 
opening It is used and is this selection optical system Ml. Image formation of the 
medium image (3) is carried out to the center section. Therefore, since the beam splitter 
of a half mirror mold with much futility of the illumination light is not used while 
becoming the cause of the conventional flare etc., the great portion of flux of light can be 
used effectively. In addition, in the optical system of drawing 1 * drawing 5 , a body side 
and the 2nd page (2) are displayed for the 1st page (l) as the image surface, respectively. 
[0024] of course, selection optical system Ml It has the description that a part of flux of 
light near an optical axis serves as optical system which has a zonaorbicularislike 
pupil in order to be kicked and not to contribute to image formation, and various image 
formation properties become what was alike and changed with the shield factor at that 
time. However, also in the projection aligner which uses the usual dioptric system 
without the covered section as a projection optical system, change of the image the 
so-called deformation light source method which covers the light near the optical axis of 
an illumination-light study system specially, and raises resolution is proposed, and 
according to change of an image formation property is suppliable with recently with the 
property of sensitization material, and the design of reticle. 

[0025] While there is less total quantity of light loss than it compared with what uses a 
half mirror, the advantage of one-shot exposure being made and not needing 
complicated scanning exposure is larger. Moreover, according to the 2nd reflective 
refraction projection optical system of this invention, as shown, for example in drawing 
3 The 1st lieberkuhn M2 The medium image (3) of the pattern on the 1st page (l) by the 
part I part image formation optical system which it has is the selection optical system 
M2. Image formation is carried out near the optical axis, and this medium image (3) is 
the 2nd lieberkuhn M4. It is relayed on the 2nd page (2) by the part II part image 
formation optical system which it has. Therefore, since the beam splitter of a half mirror 
mold is not used, the great portion of flux of light can be used effectively. Furthermore, 
since two lieberkuhn (M2, M4) is used, the radius of curvature of each lieberkuhn can be 
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doubled compared with the case where one lieberkuhn is used, and many aberration 
reduces it. 

[0026] Moreover, according to the 3rd reflective refraction projection optical system of 
this invention, as shown, for example in drawing 4 The 1st convergence group Gl It 
reaches and is mainly the 1st lieberkuhn M2. The 2nd convergence group G2 
constituted The 1st medium image (3) of the pattern on the 1st page (l) to depend is the 
1st selection optical system Ml. Image formation is carried out near the optical axis. 
The 1st medium image (3) is 3rd convergence group G3. The 2nd selection optical 
system M3 It is relayed as the 2nd medium image (4) near the optical axis, and the 2nd 
medium image (4) is mainly the 2nd lieberkuhn M4. The 4th convergence group G4 
constituted And the 5th convergence group G5 It is relayed on the 2nd page (2). 
Therefore, since the beam splitter of a half mirror mold is not used, while being able to 
use effectively the great portion of flux of light, the flare etc. decreases in number. 
[0027] Moreover, 3rd convergence group G3 which relays the 1st medium image (3) to 
the 2nd medium image (4) Since it is prepared, control ranges, such as a projection scale 
factor or many aberration, spread. In addition, as the 1st selection optical system and 
its 2nd selection optical system, as shown in drawing 4 As it has opening (HI and H2) of 
a predetermined configuration, respectively and is indicated in drawing 5 as the case 
where the reflecting mirror (Ml and M3) with which image formation of the medium 
image (3 4) of the pattern is carried out into these openings, respectively is used It is 
optically equivalent to the case where the small reflecting mirror (Ml *, M3 0 with which 
it has the reflective section of a predetermined configuration, respectively, and image 
formation of the medium image (3 4) of the pattern is carried out to these reflective 
circles, respectively is used. 

[0028] Next, in this 3rd reflective refraction projection optical system, in order to make 
the image formation engine performance to improvement and to make the image 
surface into flatness more, the PETTSU bar sum of the whole optical system must be 
first made into the zero neighborhood. If there is no PETTSU bar sum in the zero 
neighborhood, a projection image side will not become flat but will become the curved 
thing. For this reason, the 1st convergence group Gl * the 5th convergence group G5 It 
is a focal distance, respectively fl, f2, f3, and f4 And f5 It carries out It is the PETTSU 
bar sum of each group, respectively pi, p2, p3, and p4 And p5 It is the refractive index 
(value which broke the focal distance of each group by the PETTSU bar sum of each 
[ these ] group) to which carries out and only each group is applied, respectively nl, n2, 
n3, and n4 And n5 When it carries out, it is desirable to materialize the following 
relation. 
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[0029] 

-0.01<pl+p2+p3+p4+p5 <0.01 (5) - 

[0030] If the image surface does not become flat enough unless it satisfies this formula, 
but the image surface carries out the bow of concave to the 1st page (l) if a minimum is 
exceeded, and an upper limit is exceeded, the image surface carries out the bow of a 
convex to the 1st page (l). In order to be satisfied with this invention of the conditions of 
the (5) type, he divides the PETTSU bar sum of the whole system into the 1st partial 
sum (pl+p3+p5) and 2nd partial sum (p2+p4), and is trying to become a reverse sign as 
each partial sum shows on condition that (l) type. 

[0031] In this case, pi and p3 of the PETTSU bar sums of each group And p5 It is 

expressed as follows, respectively. 

pl=l/(flnl)(6) 

p3 =l/(f3 n3 ) (7) 

p5 =l/(f5 n5 ) (8) 

[0032] Especially, it is the PETTSU bar sum p2 of two groups and four groups. And p4 It 
is desirable to attach and to fulfill the following conditions. 
0<=ntwop2<=2-/|R2 | (9) 

0 <=nfour p4<=27 1 R4 | (10) [0033] It sets at these (9) formulas and (10) ceremony, and 
is R2. The 2nd convergence group G2 The 1st lieberkuhn M2 which constitutes a part It 
is radius of curvature. n2 The 2nd convergence group G2 It is the refractive index which 
applying accepts and is R4 similarly. The 4th convergence group G4 It is the radius of 
curvature of the 2nd lieberkuhn M4 which constitutes a part, and is n4. The 4th 
convergence group G4 It is the refractive index which applying accepts. (9) In a formula 
and (10) types, if a minimum is exceeded, respectively, the PETTSU bar sum of the 
whole system will just become too much, and if an upper limit is exceeded, it will 
become negative too much. 

[0034] Moreover, the 1st convergence group Gl of optical system The 2nd convergence 
group G2 If the image formation scale factor of the first image formation to depend is set 
to beta 12 and the image formation scale factor of the whole system is set to beta (2) If it 
is desirable to satisfy the conditions of a formula and it exceeds the minimum of (2) 
types, it is the. 1st selection optical system Ml. Image formation field Hi of the upper 
1st medium image It must take greatly, a shield factor increases, loss of the quantity of 
light becomes large, and the image formation engine performance worsens. If the upper 
limit of (2) types is exceeded, it is the 1st convergence group Gl. The 2nd convergence 
group G2 The aberration in the first image formation to depend becomes large, and the 
image formation engine performance worsens too. 
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[0035] Moreover, 3rd convergence group G3 It is the image formation scale factor of the 
second image formation to depend beta 3 If it carries out (3) If it is desirable to satisfy 
the conditions of a formula and it exceeds the minimum of (3) types The 2nd selection 
optical system M3 Image formation field H2 of the upper 2nd medium image If it must 
take greatly and an upper limit is exceeded, the amount of loss of the quantity of light 
not only increases, but a shield factor increases and the image formation engine 
performance worsens. If the upper limit of (3) types is exceeded, it is 3rd convergence 
group G3. The aberration in the second image formation to depend becomes large, and 
the image formation engine performance worsens too. 

[0036] Moreover, the 4th convergence group G4 The 5th convergence group G5 If it is 
desirable to satisfy the conditions of (3) types if the image formation scale factor of the 
3rd image formation to depend is set to beta 45 and it exceeds the minimum of (4) types, 
it is the 4th convergence group G4. The 5th convergence group G5 The aberration in the 
3rd image formation to depend becomes large, and the image formation engine 
performance worsens. Field H2 where image formation of the 2nd medium image (4) is 
carried out on the 2nd selection optical system M3 if the upper limit of (4) types is 
exceeded It must take greatly, a shield factor increases, the amount of loss of the 
quantity of light increases, and the image formation engine performance worsens. 
[0037] moreover, 3rd convergence group G3 the location (the location at which the flux 
of light is not extracted actually here and a chief ray crosses an optical axis is said) of 
the aperture diaphragm in inside -- a pupil surface s - then The 1st selection optical 
system Ml Field HI A periphery to the 2nd convergence group G2 It reflects, passes 
along a field HI again, and is 3rd convergence group G3. The optical path which reaches 
the inner pupil surface s is in the relation between a body and an image. That is, field 
Hi As for a periphery and a pupil surface s, it is desirable to have a conjugate relation. 
Furthermore, a pupil surface s to the 2nd selection optical system M3 Field H2 It passes 
and is ******** G4. It is reflected and is a field H2 again. The optical path which 
reaches a periphery is also in the relation between a body and an image, and they are a 
pupil surface s and a field H2. As for a periphery, it is desirable to have a conjugate 
relation. 

[0038] moreover - for example, the optical path which reaches the periphery of 3rd 
convergence group G3 as shown in drawing 3 is also in the relation between a body and 
an image, the omitted optical system — setting - the 1st selection optical system Ml 
Field Hi pass a periphery ** the 2nd convergence group G2 reflecting again -■ field HI 
a passage - after that - the 4th convergence group G4 it reflects - having - again -- 
field HI That is, field HI One periphery and field HI of a field As for the periphery of 
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the field of another side, it is desirable to have a conjugate relation. 
[0039] moreover --*■ for example, the optical path which reaches the pupil surface s in the 
4th convergence group G4 as shown in drawing 1 is in the relation between a body and 
an image. And the 5th convergence group G5 the omitted optical system - setting ■- the 
1st selection optical system Ml Field Hi pass a periphery - the 2nd convergence group 
G2 after being reflected - again - field Hi a passage - 3rd convergence group G3 That 
is, field Hi As for a periphery and a pupil surface s, it is desirable to have a conjugate 
relation. 

[0040] Moreover, the optical path which reaches the 1st convergence group Gl as shown, 
for example in drawing 2 is also in the relation between a body and an image. And the 
2nd convergence group G2 It sets to the omitted optical system and is 3rd convergence 
group G3. It comes out of the inner pupil surface s, and is the 2nd selection optical 
system M3. Field H2 It passes and is the 4th convergence group G4. After being 
reflected, it is a field H2 again. That is, a pupil surface s and a field H2 As for a 
periphery, it is desirable to have a conjugate relation. 

[0041] When conjugation relation which was described above temporarily collapses, it is 
a field HI. Or field H2 Since the covered part of the pupil surface s to depend shifts from 
the center of a pupil corresponding to image quantity, the inconvenience that the image 
formation property of optical system will change with image quantities arises. Moreover, 
the optical system of an illumination system does not become it large that it is **** 
telecentric optical system, but it is convenient for the 1st page (l) side. And even if the 
distance to the sensitization substrate on the 2nd page (2) changes somewhat that it is 
**** telecentric optical system to the 2nd page (2) side, there is no change of a scale 
factor, even if it performs many-layers thing pile baking, a gap of a dimension is lost, 
and it is convenient. 

[0042] Furthermore, even if an illumination-light study system does not become it large 
that it is **** telecentric optical system, respectively at the 1st page (l) and 2nd page 
(2) side and the distance to the sensitization substrate on the 2nd page (2) changes 
somewhat, there is no change of a scale factor, even if it performs many-layers thing pile 
baking, a gap of a dimension is lost, and it is convenient. 
[0043] 

[Example] Hereafter, with reference to a drawing, it explains per various examples of 
the reflective refraction projection optical system by this invention. This example 
applies this invention to the projection optical system of the projection aligner which 
projects the image of the pattern of reticle for a predetermined scale factor (actual size 
is included) on the wafer with which it was applied to the photoresist. 
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[0044] Lens arrangement is expressed with the following examples in expansion 
optical-path drawing, as shown in drawing 6 . In expansion optical-path drawing, a 
reflector is expressed as a transparency side and each optical element is arranged by 
the order which the light from reticle 10 passes. Moreover, in the part (for example, r9) 
of the lieberkuhn, a plane virtual side (for example, rlO) is used. And as it is shown in 
drawing 6 since the configuration and spacing of a lens are expressed for example It is 
the radius of curvature ri of the i-th page as the i-th page (i= 1, 2, ....) one by one about 
the field through which it will pass by the time the light which made the pattern side of 
reticle 10 the 0th page, and was injected from reticle 10 reaches a wafer 11. A sign just 
takes the case of a convex to reticle 10 in expansion optical-path drawing. Moreover, it is 
di about the spacing of the i-th page and a ** (i+l) side. It carries out. Moreover, it is 
CaF2 as ** material. Fluorite and Si02 Quartz glass is expressed, respectively. The 
refractive index to the criteria-for-use-of-food additives wavelength (248nm) of quartz 
glass and fluorite is as follows. 

Quartz glass: 1.508327 fireflies Stone : 1.467845 [0045] Moreover, the 
criteria for use of food-additives wavelength of the refractive index of quartz glass is as 
follows in 193nm. 

Quartz glass: 1.56100 [0046] The [1st example] This 1st example is the projection 
optical system of actual size. The following example [ example / this / 1st / 3rd ] is an 
example corresponding to the optical system of drawing 4 . As drawing 6 is expansion 
optical-path drawing of the projection optical system of the 1st example and it is shown 
in this drawing 6 The light from the pattern on reticle 10 is the 1st convergence group 
Gl. The 1st plane mirror Ml which passed and was installed in the center at 45 degrees 
to the optical axis with opening After being reflected by the periphery The 1st 
lieberkuhn M2 The becoming 2nd convergence group G2 It results and is the 2nd 
convergence group G2. The reflected light is the 1st plane mirror Ml. Image formation 
of the 1st medium image of the pattern is carried out into opening. And 3rd convergence 
group G3 in which the light from this 1st medium image has the lieberkuhn M31 Pass. 
The 2nd plane mirror M3 installed in the center at 45 degrees to the optical axis with 
opening Image formation of the 2nd medium image of the pattern is carried out into 
opening. The light from this 2nd medium image is the 2nd lieberkuhn M4. The 
becoming 4th convergence group G4 It results and is the 4th convergence group G4. The 
reflected light is the 2nd plane mirror M3. It is reflected on the outskirts. Thus, the 
reflected light is the 5th convergence group G5. It passes and image formation of the 3rd 
medium image of the pattern is carried out to the front face of a wafer 11. 
[0047] Moreover, drawing 7 is the 1st convergence group Gl in drawing 6 . As a detailed 
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configuration is shown and it is shown in this drawing 7 , it is the 1st convergence group 
Gl. It consists of positive meniscus lenses L14 which turned the convex to the positive 
meniscus lens Lll which turned the convex to reticle 10, a biconvex lens (only 
henceforth a "convex lens") L12, the positive meniscus lens L13 which turned the 
concave surface to reticle 10, and reticle 10 sequentially from the reticle 10 side. 
Moreover, as shown in dra wing 6 , it is 3rd convergence group G3. It consists of positive 
meniscus lenses L32 which turned the concave surface to the positive meniscus lens L31, 
the lieberkuhn M31, and reticle 10 which turned the concave surface to reticle 10, and is 
the 5th convergence group G5. The 1st convergence group Gl It is constituted 
symmetrically. 

[0048] That is, this example serves as optical system of the symmetry mold which 
consists of two the plane mirror, the lieberkuhn of three sheets, and ten dioptric lenses 
which have opening near the optical axis, and numerical aperture is [ 10mm and the 
maximum mirror radius of 0.45 and image quantity ] 486mm. However, since it is the 
optical-character ability almost near non- aberration, it is clear that image quantity is 
expandable by twice to 3 times with proportion amplification of optical system. 
[0049] Although all dioptric lenses are using one kind of optical glass which consists of 
fused quartzes, the achromatism on a shaft and besides a shaft is made to wavelength 
width of face of lnm in the wavelength of 193nm of ultraviolet-rays excimer laser light. 
Moreover, spherical aberration* comatic aberration, astigmatism, and distortion 
aberration are also amended good. The radius of curvature ri in the 1st example of 
drawing 6 , and spacing di And ** material is shown in the following table 1. In the 
following tables, the 10th page, the 14th page, and the 18th page are virtual sides for 
expressing the lieberkuhn in expansion optical-path drawing, respectively. 
[0050] 
[A table l] 
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[0051] Moreover, in drawing 8 (a) - (c), longitudinal aberration drawing of the 1st 
example and drawing 8 (c) show chromaticaberrationof-magnification drawing of the 
1st example, and drawing 8 (e) shows transverse aberration drawing of the 1st example. 
In these aberration drawings, Signs J, P, and Q show that operating wavelength is 
248.4nm, 247.9nm, and 248.9nm, respectively. These aberration drawing shows that 
many aberration is amended good in the field of a large image circle, although a 
numerical aperture is as large as 0.45 in this example. Moreover, chromatic aberration 
is also amended good. 

[0052] In addition, plane mirrors Ml and M3 which have opening in drawing 6 Even if it 
uses small plane mirror Ml' as instead shown in drawing 5 , respectively, and M3 it is 
as having already explained that equivalent optical system is realizable. Furthermore, 



[JP,06-265789,A] 
Page 18 of 40 



plane mirrors Ml and M3 Instead the concave mirror or convex mirror which has 
opening may be used, and a small concave mirror and a small convex mirror may be 
used further. 

[0053] The [2nd example] This 2nd example is also an example of the projection optical 
system of actual size. As drawing 9 is expansion optical-path drawing of the projection 
optical system of the 2nd example and it is shown in this drawing 9 The light from the 
pattern on reticle 10 is the 1st convergence group Gl. The 1st plane mirror Ml which 
passed and was installed in the center at 45 degrees to the optical axis with opening 
After being reflected by the periphery The 1st lieberkuhn M2 The included 2nd 
convergence group G2 It results and is the 2nd convergence group G2. The reflected 
light is the 1st plane mirror Ml. Image formation of the 1st medium image of the 
pattern is carried out into opening. And the light from this 1st medium image is 3rd 
convergence group G3. The 2nd plane mirror M3 which passed and was installed in the 
center at 45 degrees to the optical axis with opening Image formation of the 2nd 
medium image of that pattern is carried out into opening. The light from this 2nd 
medium image is the 2nd lieberkuhn M4. The included 4th convergence group G4 It 
results and is the 4th convergence group G4. The reflected light is the 2nd plane mirror 
M3. It is reflected on the outskirts. Thus, the reflected light is the 5th convergence 
group G5. It passes and image formation of the 3rd medium image of the pattern is 
carried out to the front face of a wafer 11. 

[0054] Moreover, as shown in drawing 9 , it is the 1st convergence group Gl. It consists 
of negative meniscus lenses L14 which turned the convex to a convex lens Lll, a 
biconcave lens (only henceforth a "concave lens") L12, the positive meniscus lens L13 
that turned the concave surface to reticle 10, and reticle 10 sequentially from the reticle 
10 side, and is 2nd convergence group G3. The negative meniscus lens L21 and 
lieberkuhn M2 which turned the concave surface to reticle 10 It is the becoming Mangin 
mirror. Moreover, 3rd convergence group G3 It consists of a concave lens L31, a convex 
lens L32, a concave lens L33, the positive meniscus lens L34 that turned the concave 
surface to reticle 10, the negative meniscus lens L35 which turned the convex to reticle 
10, the positive meniscus lens L36 which turned the concave surface to reticle 10, a 
convex lens L37, the negative meniscus lens L38 which turned the convex to reticle 10, 
convex lenses L39 and these lenses L31L39, and symmetrical lens L3 AL3L 
[0055] And the 4th convergence group G4 The negative meniscus lens L41 and the 2nd 
lieberkuhn M4 which turned the concave surface to reticle 10 It is the becoming Mangin 
mirror and is the 5th convergence group G5. The 1st convergence group Gl It is 
constituted symmetrically. That is, this example serves as optical system of the 
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symmetry mold which consists of two the plane mirror, the lieberkuhn of two sheets, 
and 28 dioptric lenses which have opening in the center, and numerical aperture is 
[ 5mm and the maximum mirror radius of 0.45 and image quantity ] 75mm. However, 
since the optical-character ability almost near non- aberration is obtained, this example 
of enlarge [ by proportion amplification of optical system / image quantity / with twice to 
3 times / further ] is also clear. 

[0056] Moreover, the 2nd convergence group G2 And the 4th convergence group G4 The 
configuration of the Mangin mirror of the type with which a dioptric lens and the 
lieberkuhn were separated is taken including one negative meniscus lens, respectively. 
Thus, the 2nd lieberkuhn M2 The included 2nd convergence group G2 The optical glass 
of few classes can also remove the chromatic aberration on a shaft easily as it is the 
Mangin mirror containing a negative meniscus lens L21. Similarly, it is the 2nd 
lieberkuhn M4. The included 4th convergence group G4 Also when it is the Mangin 
mirror containing a negative meniscus lens L41, the optical glass of few classes can 
remove the chromatic aberration on a shaft easily. 

[0057] Therefore, it is the 2nd convergence group G2 like this 2nd example. It is the 
Mangin mirror containing a negative meniscus lens, and is the 4th convergence group 
G4. When it is the Mangin mirror containing a negative meniscus lens, the optical glass 
of few [ as a whole ] classes can remove the chromatic aberration on a shaft easily. 
Although, as for all dioptric lenses, the optical system of this example is also using one 
kind of optical glass which consists of fused quartzes, the achromatism on a shaft and 
besides a shaft is made to wavelength width of face of lnm in the wavelength of 248nm 
of ultraviolet-rays excimer laser light. Moreover, spherical aberration, comatic 
aberration, astigmatism, and distortion aberration also serve as optical system which 
was excellent in the image formation engine performance amended good. 
[0058] The radius of curvature ri in the 2nd example, and spacing di And ** material is 
shown in the following table 2. In the following tables, the 12th page and the 53rd page 
are virtual sides for expressing the lieberkuhn in expansion optical-path drawing, 
respectively. 
[0059] 
[A table 2] 
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[0060] Moreover, in drawing 10 (a) ■ (c), longitudinal aberration drawing of the 2nd 
example and drawing 10 (c) show chromatic-aberrationofmagnification drawing of the 
2nd example, and drawing 10 (e) shows transverse aberration drawing of the 2nd 
example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle, although a numerical aperture is as large as 0.45 also in 
this example. Moreover, chromatic aberration is also amended good. 
[0061] The [3rd example] This 3rd example is an example of the projection optical 
system which performs cutback projection. As drawing 11 is expansion optical-path 
drawing of the projection optical system of the 3rd example and it is shown in this 
drawing 11 The light from the pattern on reticle 10 is the 1st convergence group Gl. The 
1st plane mirror Ml which passed and was installed in the center at 45 degrees to the 
optical axis with opening After being reflected by the periphery, The 2nd convergence 
group G2 containing the 1st lieberkuhn M2 It results and is the 2nd convergence group 
G2. The reflected light carries out image formation of the 1st medium image of the 
pattern into opening of the 1st plane mirror Ml. And the light from this 1st medium 
image is 3rd convergence group G3. The 2nd plane mirror M3 which passed and was 
installed in the center at 45 degrees to the optical axis with opening Image formation of 
the 2nd medium image of that pattern is carried out into opening. The light from this 
2nd medium image is the 2nd lieberkuhn M4. The included 4th convergence group G4 It 
results and is the 4th convergence group G4. The reflected light is the 2nd plane mirror 
M3. It is reflected on the outskirts. Thus, the reflected light is the 5th convergence 
group G5. It passes and image formation of the 3rd medium image of the pattern is 
carried out to the front face of a wafer 11. 

[0062] Moreover, as shown in drawing 11 , it is the 1st convergence group Gl. It consists 
of negative meniscus lenses L14 which turned the convex to the positive meniscus lens 
Lll which turned the concave surface to reticle 10, the negative meniscus lens L12 
which turned the convex to reticle 10, a convex lens L13, and reticle 10 sequentially 
from the reticle 10 side, and is 2nd convergence group G3. The negative meniscus lens 
L21 and lieberkuhn M2 which turned the concave surface to reticle 10 It is the becoming 
Mangin mirror, moreover, 3rd convergence group G3 To reticle 10, a concave surface To 
the turned negative meniscus lens L31 and reticle 10, a concave surface To the turned 
positive meniscus lens L32 and reticle 10, a concave surface To the turned negative 
meniscus lens L33 and reticle 10, a concave surface The turned positive meniscus lens 
L34, the negative meniscus lens L35 which turned the convex to reticle 10, the positive 
meniscus lens L36 which turned the concave surface to reticle 10, the positive meniscus 
lens L37 which turned the concave surface to reticle 10, a convex lens L38, a convex lens 
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L39, convex lens L3A, Positive meniscus lens L3B which turned the convex to reticle 10, 
negative meniscus lens L3C which turned the concave surface to reticle 10, It consists of 
positive meniscus lens L3G which turned the convex to positive meniscus lens L3D 
which turned the convex to reticle 10, concave lens L3E, convex lens L3F, and reticle 10. 
[0063] and the 4th convergence group G4 The negative meniscus lens L41 and the 2nd 
lieberkuhn M4 which turned the concave surface to reticle 10 the becoming Mangin 
mirror - it is - the 5th convergence group G5 To reticle 10, a convex To the turned 
positive meniscus lens L51 and reticle 10, a convex It consists of positive meniscus 
lenses L55 which turned the convex to the turned negative meniscus lens L52, the 
positive meniscus lens L53 which turned the convex to reticle 10, the negative meniscus 
lens L54 which turned the concave surface to reticle 10, and reticle 10. 
[0064] That is, this example consists of two the plane mirror, the lieberkuhn of two 
sheets, and 27 dioptric lenses which have opening in the center, and, for an image 
formation scale factor, 0.25 times and numerical aperture are [ 20mm and the 
maximum mirror radius of 0.45 and the body high ] 75mm. Since this example also 
serves as optical-character ability almost near non-aberration, it is clear that image 
quantity can be further enlarged with twice to 3 times by proportion amplification of 
optical system. Moreover, the 2nd convergence group G2 And the 4th convergence group 
G4 The configuration of the Mangin mirror of the type with which the dioptric lens and 
the reflecting mirror were separated is taken including one negative meniscus lens, 
respectively. 

[0065] Although, as for all dioptric lenses, the optical system of this example is also 
using one kind of optical glass which consists of fused quartzes, the achromatism on a 
shaft and besides a shaft is made to wavelength width of face of lnm in the wavelength 
of 193nm of ultraviolet-rays excimer laser light. Moreover, spherical aberration, comatic 
aberration, astigmatism, and distortion aberration also serve as optical system which 
was excellent in the image formation engine performance amended good. 
[0066] The radius of curvature ri in the 3rd example, and spacing di And ** material is 
shown in the following table 3. In the following tables, the 12th page and the 49th page 
are virtual sides for expressing the lieberkuhn in expansion optical-path drawing, 
respectively. 
[0067] 
[A table 3] 
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[0068] Moreover, in drawing 12 (a) - (c), longitudinal aberration drawing of the 3rd 
example and drawing 12 (c) show chromatic aberration-of-magnification drawing of the 
3rd example, and drawing 12 (e) shows transverse aberration drawing of the 3rd 
example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle, although a numerical aperture is as large as 0.45 also in 
this example. Moreover, chromatic aberration is also amended good. 
[0069] The [4th example] This 4th example is 3rd convergence group G3 while 
performing cutback projection. It is the projection optical system of the abridged type. 
That is, this example is an example corresponding to the optical system of drawing 3 . 
As drawing 13 is expansion optical-path drawing of the projection optical system of the 
4th example and it is shown in this drawing 13 The light from the pattern on reticle 10 
is the 1st convergence group Gl. Plane mirror Ml which passed and was installed in the 
center at 45 degrees to the optical axis with opening After being reflected by the surface 
periphery, The 1st lieberkuhn M2 The included 2nd convergence group G2 It results and 
is the 2nd convergence group G2. The reflected light is a plane mirror Ml. Image 
formation of the medium image of the pattern is carried out into opening. And the light 
from this medium image is the 2nd lieberkuhn M4. The included 4th convergence group 
G4 It results and is the 4th convergence group G4. The reflected light is a plane mirror 
Ml. It is reflected around a rear face. Thus, the reflected light is the 5th convergence 
group G5. It passes and image formation of the image of the pattern is carried out to the 
front face of a wafer 11. Plane mirror Ml of this example For example, the 1st plane 
mirror Ml of drawing 6 The 2nd plane mirror M3 It is equivalent to what was stuck. 
[0070] Moreover, as shown in drawing 13 , it is the 1st convergence group Gl. 
Sequentially from a reticle 10 side To reticle 10, a convex To the turned negative 
meniscus lens Lll, a convex lens L12, the negative meniscus lens L13 which turned the 
convex to reticle 10, the positive meniscus lens L14 which turned the convex to reticle 
10, the negative meniscus lens L15 which turned the convex to reticle 10, and reticle 10, 
a concave surface It consists of positive meniscus lenses L19 which turned the convex to 
the turned positive meniscus lens L16, a convex lens L17, the negative meniscus lens 
L18 which turned the concave surface to reticle 10, and reticle 10. 2nd convergence 
group G3 It is the Mangin mirror which consists of the negative meniscus lens L21 and 
lieberkuhn M2 which turned the concave surface to reticle 10. 

[0071] moreover, the 4th convergence group G4 The negative meniscus lens L41 and the 
2nd lieberkuhn M4 which turned the concave surface to reticle 10 the becoming Mangin 
mirror ■- it is - the 5th convergence group G5 To a convex lens L51 and reticle 10, a 
concave surface To the turned negative meniscus lens L52 and reticle 10, a convex To 
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the turned positive meniscus lens L53 and reticle 10, a convex It consists of the turned 
positive meniscus lens L54, the negative meniscus lens L55 which turned the convex to 
reticle 10, the convex lens L56, a negative meniscus lens L57 which turned the concave 
surface to reticle 10, a convex lens L58, and a concave lens L59. 

[0072] That is, this example consists of one the plane mirror (plane mirror which stuck 
the plane mirror of two sheets on accuracy), the lieberkuhn of two sheets, and 20 
dioptric lenses which have opening in the center, and, for an image formation scale 
factor, 0.2 times and numerical aperture are [ 25mm and the maximum mirror radius of 
0.5 and the body high ] 115mm. However, since this example also serves as 
optical-character ability almost near non-aberration, it is clear that image quantity can 
be further enlarged with twice to 3 times by proportion amplification of optical system. 
Moreover, the 2nd convergence group G2 And the 4th convergence group G4 The 
configuration of the Mangin mirror of the type with which the dioptric lens and the 
reflecting mirror were separated is taken including one negative meniscus lens, 
respectively. 

[0073] In the optical system of this example, although the dioptric lens is using a fused 
quartz and two kinds of optical glass of fluorite, the achromatism on a shaft and besides 
a shaft is made to wavelength width of face of lnm in the wavelength of 248nm of 
ultraviolet-rays excimer laser light. Moreover, spherical aberration, comatic aberration, 
astigmatism, and distortion aberration also serve as optical system which was excellent 
in the image formation engine performance amended good. 

[0074] The radius of curvature ri in the 4th example, and spacing di And ** material is 

shown in the following table 4. In the following tables, the 21st page and the 27th page 

are virtual sides for expressing the lieberkuhn in expansion optical-path drawing, 

respectively. 

[0075] 

[A table 4] 
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[0076] Moreover, in drawing 14 (a) ■ (c), longitudinal aberration drawing of the 4th 
example and drawing 14 (c) show chromatic-aberration of magnification drawing of the 
4th example, and drawing 14 (e) shows transverse aberration drawing of the 4th 
example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle, although a numerical aperture is as large as 0.45 also in 
this example. Moreover, chromatic aberration is also amended good. 
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[0077] The [5th example] This 5th example is the 4th convergence group G4 while 
performing cutback projection. And it is the projection optical system of the type which 
omitted the 5th convergence group G5. That is, this example is an example 
corresponding to the optical system of drawing 1 . As drawing 15 is expansion 
optical-path drawing of the projection optical system of this 5th example and it is shown 
in this drawing 15 The light from the pattern on reticle 10 is the 1st convergence group 
Gl. Plane mirror Ml which passed and was installed in the center at 45 degrees to the 
optical axis with opening After being reflected by the periphery Lieberkuhn M2 The 
included 2nd convergence group G2 It results and is the 2nd convergence group G2. The 
reflected light is a plane mirror Ml. Image formation of the medium image of the 
pattern is carried out into opening. And the light from this medium image is 3rd 
convergence group G3. It passes and image formation of the image of that pattern is 
carried out to the front face of a wafer 11. 

[0078] Moreover, as shown in drawing 15 , it is the 1st convergence group Gl. 
Sequentially from a reticle 10 side, it consists of the positive meniscus lens Lll which 
turned the convex to reticle 10, a negative meniscus lens L12 which turned the convex 
to reticle 10, a convex lens L13, and a concave lens L14, and is 2nd convergence group 
G3. The negative meniscus lens L21 and lieberkuhn M2 which turned the concave 
surface to reticle 10 It is the becoming Mangin mirror, moreover, 3rd convergence group 
G3 To reticle 10, a concave surface To the turned positive meniscus lens L31 and reticle 
10, a concave surface To the turned positive meniscus lens L32, a convex lens L33, the 
negative meniscus lens L34 which turned the convex to reticle 10, a convex lens L35, a 
convex lens L36, the negative meniscus lens L37 that turned the concave surface to 
reticle 10, a convex lens L38, and reticle 10, a convex The turned positive meniscus lens 
L39, negative meniscus lens [ which turned the concave surface to reticle 10 ] L3A, It 
consists of negative meniscus lens L3E which turned the convex to positive meniscus 
lens L3D and reticle 10 which turned the convex to convex lens L3B, negative meniscus 
lens L3C which turned the convex to reticle 10, and reticle 10. 

[0079] That is, this example consists of one the plane mirror, the lieberkuhn of one sheet, 
and 19 dioptric lenses which have opening in the center, and, for an image formation 
scale factor, 0,25 times and numerical aperture are [ 5mm and the maximum mirror 
diameter of 0.45 and image quantity ] 75mm. However, since this example also serves as 
optical-character ability almost near non-aberration, it is clear that image quantity can 
be further enlarged with twice to 3 times by proportion amplification of optical system. 
Moreover, the 2nd convergence group G2 The configuration of the Mangin mirror of the 
type with which the dioptric lens and the reflecting mirror were separated is taken 
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including one negative meniscus lens. 

[0080] Although, as for all dioptric lenses, the optical system of this example is also 

using one kind of optical glass which consists of fused quartzes, the achromatism on a 

shaft and besides a shaft is made to wavelength width of face of lnm in the wavelength 

of 193nm of ultraviolet-rays excimer laser light. Moreover, spherical aberration, comatic 

aberration, astigmatism, and distortion aberration also serve as optical system which 

was excellent in the image formation engine performance amended good. 

[0081] The radius of curvature ri in the 5th example, and spacing di And ** material is 

shown in the following table 5. In the following tables, the 12th page is a virtual side for 

expressing the lieberkuhn in expansion optical-path drawing. 

[0082] 

[A table 5] 
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[0083] Moreover, in drawing 16 (a) - (c), longitudinal aberration drawing of the 5th 
example and drawing 16 (c) show chromaticaberration-of-magnification drawing of the 
5th example, and drawing 16 (e) shows transverse aberration drawing of the 5th 
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example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle, although a numerical aperture is as large as 0.45 also in 
this example. Moreover, chromatic aberration is also amended good. 
[0084] The [6th example] This 6th example is the 1st convergence group Gl while 
performing cutback projection. And it is the projection optical system which omitted the 
2nd convergence group G2. That is, this example corresponds to the optical system of 
drawing 2 . As drawing 17 is expansion optical-path drawing of the projection optical 
system of the 6th example and it is shown in this drawing 17 The light from the pattern 
on reticle 10 is 3rd convergence group G3. Plane mirror M3 which passed and was 
installed in the center at 45 degrees to the optical axis with opening Image formation of 
the medium image of the pattern is carried out into opening. The light from this 2nd 
medium image is the lieberkuhn M4. It results in the included 4th convergence group 
G4, and is the 4th convergence group G4. The reflected light is a plane mirror M3. It is 
reflected on the outskirts. Thus, the reflected light is the 5th convergence group G5. It 
passes and image formation of the image of the pattern is carried out to the front face of 
a wafer 11. 

[0085] Moreover, as shown in drawing 17 , it is 3rd convergence group G3. Sequentially 
from reticle 10 To reticle 10, a convex To the turned negative meniscus lens L31 and 
reticle 10, a convex To the turned negative meniscus lens L32 and reticle 10, a concave 
surface To the turned negative meniscus lens L33 and reticle 10, a convex The turned 
negative meniscus lens L34, the positive meniscus lens L35 which turned the concave 
surface to reticle 10, a convex lens L36, the positive meniscus lens L37 which turned the 
concave surface to reticle 10, a convex lens L38, the positive meniscus lens L39 which 
turned the concave surface to reticle 10, convex lens L3A, It consists of convex lens L3B, 
negative meniscus lens L3C which turned the concave surface to reticle 10, negative 
meniscus lens L3D which turned the convex to reticle 10, concave lens L3E, convex lens 
L3F, and convex lens L3G. 

[0086] and the 4th convergence group G4 The negative meniscus lens L41 and 
lieberkuhn M4 which turned the concave surface to reticle 10 the becoming Mangin 
mirror - it is the 5th convergence group G5 To reticle 10, a convex To the turned 
positive meniscus lens L51 and reticle 10, a convex It consists of negative meniscus 
lenses L55 which turned the convex to the turned negative meniscus lens L52, the 
positive meniscus lens L53 which turned the convex to reticle 10, the positive meniscus 
lens L54 which turned the concave surface to reticle 10, and reticle 10. 
[0087] That is, this example consists of one the plane mirror, the lieberkuhn of one sheet, 
and 22 dioptric lenses which have opening in the center, and, for an image formation 
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scale factor, 0.25 times and numerical aperture are [ 3mm and the maximum mirror 
diameter of 0.3 and image quantity ] 41mm. However, since this example also serves as 
optical-character ability almost near non-aberration, it is clear that image quantity can 
be further enlarged with twice to 3 times by proportion amplification of optical system. 
Moreover, the 4th convergence group G4 The configuration of the Mangin mirror of the 
type with which the dioptric lens and the reflecting mirror were separated is taken 
including one negative meniscus lens. 

[0088] Although, as for all dioptric lenses, the optical system of this example is also 

using one kind of optical glass which consists of fused quartzes, the achromatism on a 

shaft and besides a shaft is made to wavelength width of face of lnm in the wavelength 

of 193nm of ultraviolet-rays excimer laser light. Moreover, spherical aberration, comatic 

aberration, astigmatism, and distortion aberration also serve as optical system which 

was excellent in the image formation engine performance amended good. 

[0089] The radius of curvature ri in the 6th example, and spacing di And ** material is 

shown in the following table 6. In the following tables, the 35th page is a virtual side for 

expressing the lieberkuhn in expansion optical-path drawing. 

[0090] 

[A table 6] 
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7.0 


S i 0 2 


34 


-280. 63 


5.2 




10 


-66. 60 


51.0 




35 


OO 


0.0 




11 


763. 14 


15.0 


S i 0 2 


36 


143.16 


5.2 




12 


-105.25 


2.0 




37 


280. 63 


10.5 


S i 0 2 


13 


-2171.46 


11.0 


S i 0 2 


38 


131.63 


175.6 




14 


-398. 28 


0.6 




39 


99.65 


8.0 


S i 0 2 


15 


657. 88 


15.0 


S i 0 2 


40 


856.91 


0.5 




16 


-195.65 


65.0 




41 


34.40 


8.0 


S i 0 2 


17 


-1397.29 


14.0 


S L 0 2 


42 


28.44 


7.0 




18 


-159. 18 


8.0 




43 


44.86 


7.5 


S i 0 2 


19 


238. 03 


11.0 


S i 0 2 


44 


115.52 


5.0 








n d 

V. 0 




4o 


it}, io 




S 1 o 2 


21 


90. 28 


11.2 


S i 0 2 


4.6 


-66. 1 1 


0.5 




22 


-713. 33 


4.0 




47 


22.09 


8.0 


S i 0 2 


23 


-101.29 


9.0 


S i 0 2 


48 


18.08 


11.9 




24 


-216.96 


0.3 













[0091] Moreover, in drawing 18 (a) - (c), longitudinal aberration drawing of the 6th 
example and drawing 18 (c) show chromatic-aberrationof-magnification drawing of the 
6th example, and drawing 18 (e) shows transverse aberration drawing of the 6th 



[JP,06-265789,A] 
Page 33 of 40 



example. Also in this example, a numerical aperture is 0.3, and these aberration 
drawing shows that many aberration is amended good in the field of an image circle. 
Moreover, chromatic aberration is also amended good. 

[0092] Next, although it is made desirable to be satisfied with this invention of the 
conditions of a (l) type - (4) type, it explains per [ of each above-mentioned examples and 
those conditions ] response below. First, the 1st convergence group Gl - the 5th 
convergence group G5 in each above-mentioned example The refractive index of pi 
(i=l-5) and each appearance is set to ni (i=l-5), and each image formation scale factor is 
set [ each focal distance ] to betai (i=15) for fi (i=l-5) and each PETTSU bar sum. 
Moreover, the 2nd convergence group G2 The 1st inner lieberkuhn M2 And the 2nd 
lieberkuhn M4 in the 4th convergence group G4 Radius of curvature, respectively as Ri 
(2 i= 4) The 1st convergence group Gl And the 2nd convergence group G2 They are beta 
12 and the 4th convergence group G4 about a composite image formation scale factor. 
And the 5th convergence group G5 These image formation scale factors beta 12 and 
beta45 are expressed with betaij, using a composite image formation scale factor as beta 
45. The item of the 1st above-mentioned example - the 6th example is summarized in 
the following table 7 - a table 12, respectively. However, it is GT about the whole system. 
It expresses and is the whole system GT. It is betai about the corresponding PETTSU 
bar sum pi and an image formation scale factor. The PETTSU bar sum and the image 
formation scale factor of the whole system are shown in a column, respectively. 
[0093] 
[A table 7] 

Item of the 1 st embodiment 





R. 
i 


<i 


Pi 


n i 


/?i 


fill 


G, 




145.01 


0.00436 


1.581705 


1.33 


-1.17 


G 2 


-1190 


594.96 


-0.00168 


-1.000000 


-0.876 


G 3 




146.71 


-0.00548 


-1.243795 


-1.00 


-1.00 


G 4 


-1190 


594.96 


-0.00168 


-1.000000 


-1.14 


-0.85 


G 5 




145.01 


0.00436 


1.581705 


0.75 


G f 






-0.0001 




-1.00 


-1.00 



[0094] 
[A table 8] 
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Item of the 2 nd embodiment 







f 5 


Pi 


n i 


fii 




G, 




70.19 


0.00960 


1.483971 


1.70 


-1.12 


G 2 


-158 


95.26 


-0.01485 


-0.70688 


-0.66 


G 3 




1 14.70 


0.0 J 008 


0.86487 


-1.00 


-1.00 


G 4 | -158 


95.26 


-0.01485 


-0.70688 


-1.52 


-0.90 


G 5 


70 19 


0.00960 


1.483971 


0.59 


G T II ~— 




-0.0004 




-1.01 


-1.01 



[0095] 
[A table 9] 

Item of the 3 rd embodiment 





Ri 




Pi 


n i 


t>\ 




G j 




-793.98 


-0.00196 


0.642 


0.826 


-0.412 


G 2 


-186 


103.76 


-0.01254 


-0.768 


-0.4988 


G 3 




104.63 


0.01688 


0.566 


-0.7755 


-0.7755 


G 4 


-167 


102.82 


-0.01491 


-0.653 


-2.425 


-0.7828 


G 3 




52.26 


0.01294 


1.483 


0.3228 


G T 






0.00040 




-0.25 


-0.25 



[0096] 
[A table 10] 
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Item of the 4 th embodiment 







f i 


Pi 


n i 


Pi 


Pi} 






508.51 


0.00216 


0.91045 


35.70 


-0.645 


G 2 


-428 


333.45 


-0.00592 


-0.50658 


-0.0181 


G 3 














G< 


-417 


328.19 


-0.00609 


-0.5003 


-10.836 


-0.313 


G 5 




100.04 


0.00983 


1.01689 


0.029 


G j 






-0.00003 




0.20 


-0.20 



[0097] 
[A table 11] 

Item of the 5 th embodiment 





Ri 


*i 


Pi 


n i 


Pi 








-132.32 


-0.00865 


0.8737 


0.5585 


-0.254 


G 2 


-127 


82.86 


-0.01909 


-0.6322 


-0.455 


G 3 




144.58 


0.02795 


0.2475 


-0.9837 


-0.9837 


G 4 














G s 












G T 






0.00058 




0.25 | 0.25 



[0098] 
[A table 12] 

Item of the 6 th embodiment 







Pi 


n i 


Pi 




G, 














G 2 












G 3 




25.004 


0.01409 


2.8384 


-0.2847 


-0.2847 


G 4 


-143 


94.979 


-0.01687 


-0.6241 


-2.2162 


-0.8783 


G 3 




84.227 


0.00306 


3.87995 


0.3963 


G T 






0.00028 




0.25 


0.25 



[JP,06-265789,A] 
Page 36 of 40 



[0099] Next, based on the above-mentioned table 7 - a table 12, it is collectively shown in 

the following table what kind of value the value of the parameter of 

conditional-expression (l) - (4) is in each example. 

[0100] 

[A table 13] 

[0099] Next, based on the above-mentioned table 7 - a table 12, it is collectively shown in 

the following table what kind of value the value of the parameter of 

conditional-expression (l) - (4) is in each example. 

[0100] 

[A table 13] 



Value of the parameter of conditional expression (l)-(4) 



&W3z 


1 


2 


3 


4 


5 


6 


(1) P|+P 3 +P 5 >0 


0.00324 


0.02928 


0.02786 


0.01199 


0.0193 


0.017 


(1) p 2 +p 4 <0 


-0.00336 


-0.02970 


-0.02745 


-0.01201 


0.0191 


-0.017 


(2) 0-1^ 1 P l2 1 ^ 2 


1.17 


1.12 


0.4 


0.65 


0.25 




(3) 0.1^ 1 03 1 =S2 


1.0 


1.0 


0.77 




0.98 


0.28 


(4) 0.13S | 0 45 | ^2 


0.85 


0.9 


0.78 


0.31 




0.88 



[0101] Moreover, the 2nd convergence group G2 which appears in these conditional 
expression (9) and (10) although it is made desirable to be also satisfied with this 
invention of conditional expression (9) and (10) And the 4th convergence group G4 Each 
parameters R2, p2, n2, R4, p4, and n4 It is shown in the following table what kind of 
value the value is in each example. 



[0102] 

[A table 14] 
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Value of the parameter of conditional expression (9), (10) 





1 R 2 1 


P 2 


n 2 


1 R 4 1 


P4 


"4 


1 


1190. 


-0.00168 


-1.0 


1190. 


-0.00168 


-1.0 


2 


158. 


-0.01485 


-0.70688 


158. 


-0.01485 


-0.70688 


3 


186. 


-0.01254 


-0.768 


167. 


-0.01491 


-0.653 


4 


428. 


-0.00592 


-0.50658 


417. 


-0.00609 


-0.5003 


5 


127. 


-0.01909 


-0.6322 








6 








143. 


-0.01687 


-0.6241 



[0103] Moreover, in each example, amount of many n2p2 or 2-1 | R2 | of conditional 

expression (9) and (10) and n4 p4 or 2-1 | R4 | are as follows from a table 14, respectively. 

[0104] 

[A table 15] 

Value of the parameter of conditional expression (9), (10) 





n 2P2 


2/1 R 2 1 


n 4P4 


2/1 R 4 1 


i 


0.00168 


0.00168 


0.00168 


0.00168 


2 


0.0104971 


0.0126574 


0.010497 J 


0.0126574 


3 


0.0096307 


0.0107503 


0.0097362 


0.0107503 


4 


0.0029989 


0.0046782 


0.0030468 


0.0048009 


5 


0.0120686 


0.0157778 






6 






0.0105285 


0.0139703 



[0105] As for each of these tables, in each above-mentioned example, all show that the 
conditions of a (l) type - (4) type and the conditions of (9) types and (10) types are 
satisfied. In addition, in each above-mentioned example, although optical glass, such as 
a quartz and fluorite, is used as ** material which constitutes dioptric system, since 
optical glass, such as a quartz and fluorite, can let ultraviolet rays pass, it is convenient. 
[0106] However, when the illumination light to be used is infrared radiation, optical 
glass, such as silicon (Si), germanium (germanium), zinc sulfide (ZnS), or a zinc selenide 
(ZnSe), can also be used as ** material which constitutes dioptric system. These ** 
material is because the permeability to infrared radiation is large. Moreover, you may 
make it use plastics optical material, such as an acrylic, polystyrene, and a 
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polycarbonate, as an ingredient which constitutes dioptric system. Thereby the optical 
system of low cost with mass production nature is realizable. 

[0107] Furthermore, this invention is also applicable to the so-called common image 
pick-up lens which carries out image formation of the image of the body of infinite 
distance distance on a predetermined observation side instead of the reticle 10 in the 
distance of finite. Moreover, it is also possible to apply to the aligner for the so-called 
scanning exposure which projects an axial outer ring-of spiral-wound-gasket band-like 
body for the optical system of each above-mentioned example only using an axial 
outdoor daylight bundle, and is exposed while moving reticle 10 and a wafer 11 at a 
different rate corresponding to the scale factor of a projection optical system. Thereby, a 
projection optical system can be miniaturized. 

[0108] Moreover, although the above-mentioned example is an example of actual size or 
a cutback projection optical system, use [ it / as an amplification projection optical 
system ] is clear by making relation between reticle 10 and a wafer 11 into reverse. As 
an application of such amplification optical system, an ultraviolet ray microscope etc. is 
leading. Thus, this invention is not limited to the above-mentioned example, but can 
take configurations various in the range which does not deviate from the summary of 
this invention. 
[0109] 

[Effect of the Invention] According to the 1st reflective refraction projection optical 
system of this invention, while bending the optical path of the flux of light according to 
selection optical system, image formation of the medium image was carried out near the 
optical axis of the selection optical system by the flux of light from the lieberkuhn, or 
the light from the medium image near the optical axis of the selection optical system is 
led to the lieberkuhn. Therefore, the PETTSU bar sum and axial overtone aberration 
can be amended good. Moreover, combination with a part of dioptric system can also 
amend distortion aberration and the chromatic aberration of magnification common to 
unsymmetrical optical system to fitness, and they can also amend spherical aberration 
and comatic aberration good. Therefore, there is an advantage which can offer the 
reflective refraction projection optical system which was excellent in the image 
formation engine performance which can take an one -shot exposure method, without 
using a beam splitter. 

[0110] Moreover, while according to the 2nd reflective refraction projection optical 
system of this invention there is no need of using a beam splitter and the image 
formation engine performance is excellent, an one-shot exposure method can be taken. 
Furthermore, there is an advantage which can enlarge the radius of curvature of each 
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lieberkuhn and can make aberration small by using the lieberkuhn of two sheets. 
Moreover, according to the 3rd reflective refraction projection optical system of this 
invention, while the image formation engine performance is excellent not using the 
beam splitter, an one-shot exposure method can be taken. Furthermore, there is an 
advantage which can enlarge the radius of curvature of each lieberkuhn and can make 
aberration small by using the lieberkuhn of two sheets. Furthermore, since the 3rd 
convergence group is prepared between the 1st selection optical system and the 2nd 
selection optical system, there is an advantage which can control an image formation 
scale factor and many aberration in the large range. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the block diagram showing the 1st basic configuration of the reflective 
refraction projection optical system by this invention. 

[Drawing 21 It is the block diagram showing the modification of the basic configuration 
of drawing 1 . 

[Drawing 3l It is the block diagram showing the 2nd basic configuration of the reflective 
refraction projection optical system by this invention. 

I Drawing 4l It is the block diagram showing the 3rd basic configuration of the reflective 
refraction projection optical system by this invention. 

[Drawing 5l It is the block diagram showing the modification of the basic configuration 
of drawing 4 . 

[Drawing 6l It is expansion optical-path drawing showing the projection optical system 
of the 1st example of this invention. 

[Drawing 71 The 1st convergence group Gl in the 1st example It is optical-path drawing 
showing a detailed configuration. 

iDrawing 8l It is aberration drawing of the 1st example. 

[Drawing 9] It is expansion optical-path drawing showing the projection optical system 
of the 2nd example of this invention. 

[Drawing 101 It is aberration drawing of the 2nd example. 

[Drawing 111 It is expansion optical-path drawing showing the projection optical system 
of the 3rd example of this invention. 

[Drawing 121 It is aberration drawing of the 3rd example. 

[Drawing 131 It is expansion optical-path drawing showing the projection optical system 
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of the 4th example of this invention. 

[Drawing 14] It is aberration drawing of the 4th example. 

[Drawing 151 It is expansion optical-path drawing showing the projection optical system 
of the 5th example of this invention. 

[Drawing 16l It is aberration drawing of the 5th example. 

[Drawing 17] It is expansion optical-path drawing showing the projection optical system 
of the 6th example of this invention. 

[Drawing 18] It is aberration drawing of the 6th example. 
[Description of Notations] 

1 Body Side 

2 Image Surface 

10 Reticle 

11 Wafer 

Gl The 1st convergence group 

G2 The 2nd convergence group 

G3 The 3rd convergence group 

G4 The 4th convergence group 

G5 The 5th convergence group 

Ml, M3 Plane mirror which has opening 

HI, H2 Opening 

M2, M4 Lieberkuhn 

Ml* and M3* minute plane mirror 
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2 ®^2JKfikPGi ^lWi (3) j&>£©3tt5K£ 
iR«[LT-5-©/^^->©*2*Rg« (4) &&»TZ>M 

s-trcKss i ©»&£ n*sc*s 2 (omm&yt&Km? 

ZL&tz* tt*i<D««xttR«2©««rt(c:f|2tt>PB B | 

(4) *«IS*$nS«23BR3tt#*Mi <fc, m2[Hl® 

switM^ *2>fra« (4) ^6co^^m2 

r, 121 (2) ±tc-€-©yt^->©l»3 4 , P« , !«*IS« 

[0014] d©*^, ^mi^Tt^^^m 
2SK3t**©-0ijtt, m^4^-rct-3^ -en 

■?nHlffe^R©IHP (Hi , Hz ) ZtlZMU 

toiz- s tft?n*r<Drt*—><D*mm o, 4) 

ti&KMm (M t , m 3 ) t&s. 

[0 0 15] ^-©^13ISOt^^K^<0*2a 

nrnfeMttcDKM^zmis. einsKwawc^n^n 
^<D/^-><DW$m (3, 4) ^^^ns/hsisw 

[0016] d©^, m 1 <pyt¥m\*m 4 <o^^ 

6> S2S*^^M.--«5JR«^G s S:#^fc'fe<!D 

t«Bi7?&o, hi 2 <pyt¥m 4 (pyt^mfr e» . mi 

JR»SG.-*1SJR*^*M. ^^fct>©<h^fffiT 

1a 3 ©^afe^aia 4 (Dft^m^m 3 jrae 

PGs€r«^ifcfe©i:«iifi"e&*. fot, *&mizJ: 

z>m 1 ^r^m 2 v>Kt8mm®&%frm^ -5*n-en*» 

G 5 Rt«ltR3t^Mi.Mi ©*©<nrn^©s***vi 
nfcjR^PGi—Gs <o^^ u//^-;hp£ 0 twt^ 

<hici:0, i^Tco^^: (1) - (10) tw^^T^W 
©m3<DS»ja«f»»3t^tc^bTSIbT^S^fr 

-tn-?n**w©« 1 ^r>*m 2 ©jrwjbstS^*^ 

^tt>igffl$nSt>fl!5-Cft*. 
[0 0 17] gp^, 9cf. mi4X^PG. -m5iK^p 

g 5 ©^su©^^v/^-;w^n^npi — p s 
(i) 

trio 

0. 1^ I j3, 2 I ^2 (2) 

^7t. «3JR»^G» \z&z>m*mm (3) *^S2 



(5) 



«fM 3 F6-2 6 5 7 8 9 



[0 0 19] 

0. 1£ I j3, | ^2 (3) 
[0 0 2 0] JE(C ^4WG. S^SSJRjttSGs 
fCcfcS*2*K« (3) ^b^3W (4) ^©iB« 

0. 1^ I j34s I ^2 (4) 

siisww^m, ^t^rms (3) 3&«ig«sn 
m 3 i*3T*w« (4) j&**g«$ft*««H 2 commit 

[0 0 2 1] JEfc, ^UDMftPG. cofciw^tssiai 

L/» III (1) <WTSf^Uir>hUy^^^i:3a: 
»2S«5t*^M, F»9T+ra« (4) ^tsnsM 
i2® (2) ®JTl3^U^>hU>>^^ 
[0 0 2 2] ^fz. fgUKslfcpG, COftii^lI 

«*^M, rt-c*pa« (3) *««sn*tts«!:©Rg 

U msUXfikPGs ©iaW^t»2S*^£^M s ft 

x^mm (4) nsttia<t©raKi^ s jRttp 
Gs ©ji^EHtfs tmm\s<wtfeis* mim (i) 

iW^2® (2) M-rrtti^timZT-U^bVyf 
[0 0 2 3] 

nH »l«»»»^^JCJ:5^1® (1) _tOA* 
->©*ra« (3) ^ m2SB»fe«3t^«c:«fc0m2 
® (2) ±KUU-3n5. *l«5Me«**^ 

/MLESWft (WAtai5<OM, ' ) ^CD^JR^^Mi 
* (3) ^ftSnt^S. tt^T* «©7l/7f© 

^rtt, *tvetm 1m (i) **ew*B, ^21 
(2) ^iitLmT^ntt^o 

[0 0 2 4] S«3fc¥*Mi ©5W*#ia©3t^tt 



[0025] ^tict 0 1>. i — ^)v<o^tmm^.i)V\~y 
^iy-zmm^z&Mzit^T'pte^tmz. —mmyt 

*^^©^2os»ja#fa^^ 

M, £r#T££l 1 Uft&mt^mz^ ^1® ( 1 ) ± 
©/^->©*fW« (3) if^^M, ©3tttili 

«ic*s»$n> cko+k* (3) 3&*«2no®K»«M4 

4»2»5M6*5^^tc«t0^2ffi (2) ±f~U 
U-$n^.o tot, A-^^^-^COt-AX^U v 

■5dt**t?^S 0 Mt'> OOTJRftMK (M2 , M4) #2 

wmK&m&im&mznx^&m&izit^xzte 
[0026] ^rz, *&m<D&3<DKttmmisti&%&m 

tf^fcfg 1 GMKftNKM, Tl^Sn^2 4K£fcg*Gz 
Ci^l® (1) Ji©/^->©*l+K« (3) # 
f& 1 Hft3t#^M, <03tttifi«fCfelftSn, 1 * 

P«1*§i (3) ?&^3JRttPG» {ZctOm2aiR^^M3 
©3tttififiS(C^2*raife (4) <hLT'JU-£*l, HE-O 

^2ff B i« (4) &3nzm2\a\ffifcMmM< xffif&zn 
[0027] »i+p B m (3) &m2tpmm 

(4) JCUU--r5*3J|3«PG a ATOt^nTU5fc 

^m±\z^^oiz: ^n^nm^m^(Dmu m - 
i , Hi) emswprttc^E-n^n^©^^— 

>©*M« (3, 4) (M, , M 

ntcD/^-><D^mm (3, 4) ^^^n^/j^s 

Sttt (Mi ' , Ms ' ) *«fflUfc«^«i:tt, ^^ItC 

[0028] cosscoswjasTja^^^tc^ 



(6) 
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mitf & s&t^. mz^ v vn—yvmt o fftatcfc^ *t 

Sr-tn^enf i. u f>. f< ar^f s tu ^p©^ 
v y/\*— ^ip^r^n^npi. pj. p s , p. sn^p 5 

[0 0 2 9] 

-0. 0 1 <C p i+ Pz+ ps+ p4+ ps <C 0 . 0 1 (5) 

co o 3 o] ^(DttM&isU^tmmx-tftizw-mt 

(1) (C^Ldb©f«ffl«r-rs. *3e9ra»G> (5) i£ 

0^5>*n (P.+ P3+P5 ) <fc^2<0«$Hfc (P2+P4 ) 

^n^nosteWda* (i) ^o^^T^Tct 
[0 0 3 1] y/ 1 ?— ;nn 

p. =l/(fmi) (6) 
p 3 = l/(fi n.) (7) 
Ps = l/(f s m) (8) 
[0 0 3 2] 2»3Sit/4W(0^yyA— ;USlp, 

0^m p 2 ^2/ | R 2 | (9) 
O^ru p 4 ^2/ | I (10) 
[0 0 3 3] ^tlb (9) 7$&ZS (1 0) j&Z&l,*X, 
R2 ti^2iK^tHG2 <0-»S:«lfiW5*lIHIffiJS:»«l 

^4iK^G 4 <0*aH*©)3$T*"C&*. (9) it&tf 

do) ^i5iiT, -en-enns^aAsi:, 

[0 0 3 4] 3fc^©*lJKttf*Gi ^^2iK^c 

&G, ttcJ:5*l*fe«<Z)»«t«^l5.itU ^ 
<Dtmfem*0£?Z>£. (2) 5t<B*#£«j£-rs £ 
<fc**M*L<* (2) ^OTO^^t, Sll 

fcO. *g«ttfEOTg<JB:5. fitc (2) 5t©_b 
ffiSrSASi:. »1JR«»G. £*2JRtti¥G, chdJ: 



[0 0 3 5] *3JRtt»Gs (w<tS»2*tt«© 

tt.*«^&/5.3 trsi:, (3) s©*fl=.€:.«je-rs^ 

t*«lil<, <R(c (3) 5£<BTIH£iffi*-Si:, 1*12 51 
«3fc¥*M3 ±<0»2 4ip^*©tt«fig*H 2 £*^<Ifc 

otik&s. <kk: (3) $:cD±m&m?LZ>t. ms^m 

PG» K«tS*2*««{c*5^SJRM^*#<J5:0, 

[0 0 3 6] i-fc, m4U$k&G* tmsmmGi \Z 
J:S*3^ae«<0|g«ft*€:/34i«i:*rs<£:, (3) 3;cD 
^Ml£f^^t^ISL<> <Rtc (4) sCOTfE* 

a^.5t, m4iK^G4 t&swMMGt iz^^ms 

fitC (4) ^If^^^i, f2M^M 3 ± 

xm2^mm (4) ^«$ns««H: £*^<j&£ 

[0 0 3 7] «3JR«»Gi O^t'^^^P^O 

2 Tlltbt, StJPfig«Hi*iioT^E3iR«fcPGi CD 
a^t^JLK Htc, BiffisA^^2 3!K^^M 

3 <Dffii&H* &mxnwmG4 x&M-znx, nzsm 
%mi <ommm\z3mtz>y&&*>* vm£&<ommz& 

[0 0 3 8] W^l^d! 3(^^-5^ *3JRtt 

Mi ©««Hi <Dmmm&mxm2mmG2 

[0 0 3 9] S^c, 0y^^rgHt^fJ:^^> m4JK^Sc 

^G 4 &rjc«5JR««G s ifi%te2ftizyt*mz&^x 
wisely <o*<omms\zmmtz>%m*. mfctm<D 
[0040] sfe, m^ni2tc^-rj:^^, mi^ 

f*G. &CX»2JR«C»G I ^«BS$nfe3tt#«(C*3ViT 
tt, m3iRi5cpG3 CD^(Dtt®s^b-TT, S2j»R3t 
^Mi ©««Hi Sr«T»4JiK»PG4 TK9#2tlfc 
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[0041] mz&±\zm^ft&ofc#iSLM&tfii»n2> 

o T3t**©IS«M#tt*^b bT b £ 5 £ ^ 5 
£b£o mim (1) flJlC43VVT\ BS^^U-bV 

t\ S^tfJ*^. fLT, ^2® (2) »C£^T, pg 
^Uir>MJ^^^T&£<t, ^21 (2) ±C9 

[0 0 4 2] Ill (1) 1^21 (2) m 

iz&\,*t* *n?tm*TV±>b i Jv&yt¥%t-c&2> 

<fc, H9^5^^*#<^6'r, IOI2M (2) ±<0 
[0 0 4 3] 

^;ucda°^— >©«*7* b Viss\ himfcZtiltV 

m<oi^y&mz*mi&mmisith<D~e&z>. 
[0044] ixf<pmmmx^v>xmm^m^m e 

mmm^&miz&ft^wm&mmzti&o mm 
tfr») ^$na. -ebx* uvxomKxtffiTO 

i@ (i = l, 2, ----) <hbT> *ilfi)a$*ir 
©«^€riE(c^5. fgi®<tm (i + 1) mt<D 

& sio 2 sis^tf 57X£-en^n^rr 0 S3&*f ^x 

3fc^S©«fflS2pft^ (2 4 8nm) tc*rrsJS#r^ 

535* 7 X : 1. 50 8 32 7 
It 5 : 1.46 7845 
[0 04 5] £fc> «J8»KS«# 1 9 3 nmTfc£53S 

ft2&&s\ : 1.56100 
[0 0 4 6] [» 1 £©Sl*i6Wi«&©« 



*l«lfi«©^3tt^^O.SIiH5tK0TftO, CPU 6 
SBlJRfifcSG, £«T. ^tc^P^^^W^LT 

4 5 ° -cftKsn^s i ¥M^m, ©raja«"CJK»$n 
mwmKmmMt «fcofcssB2JK#PG2 km 

T4 5° t?^K$nfc*2 5|£ffitSMi ©IBPrttC-?-©^ 

Gs £JSt^xai icD^M{c^cD/l^->tDg*3^ 
[0 0 4 7] MI.«MJS*©*l J R«ESfG 1 CD|£ 

it, hi a tcT^Tcfc: o iz, msmcmo, v^t?)vi 

M 3 ,^U^^;H 0tClHJpi^f^^cIE>-X^XU> 

XL»cto«^^n, mswmG* mmxtmG 
[0 0 4 8] mt>. yma&ffizma&trrz 2 
&ofc&imm<Dyt&Miite'oT&K)* mamto. 4 

5, MfilOmm, 1^5 7"¥gfi4 8 6mmT^ 

[0 0 4 9] JS*FrU>Xti^T«i»5^«fc035:S-a^ 
yt<D 19 3 nmcr)ftfitc*5tt«, 1 nnKDftgSfc^L 

iris, M6.o»i^iswc*3tt5tt*¥Sri , m$m 
ioe mi Awjkxsmi smttn^nmmKmm^: 

[0 0 5 0] 

mi: 



(8) 



W6-2 6 5 7 8 9 



i 




di 






i 


Ti 


di 






0 


-• 


15.5 






15 


137.56 


53.0 






1 


125. 97 


18.5 


S 


i Oj 


16 


206.41 


1148.7 






2 


13a 88 


1.0 






17 


-1189.91 


0.0 






3 


425. 68 


19.0 


S 


i O s 


18 


oa 


1188.0 






4 


-190.98 


7.0 






19 


-327.82 


31.0 


S 


i 0 a 


5 


-69. 10 


7.0 


S 


i 0 2 


20 


-310.82 


0.1 






6 


-55. 19 


0.1 






21 


55. 19 


7.0 


S 


i O a 


7 


310.82 


31.0 


S 


i Oa 


22 


69. 10 


7.0 






8 


327.82 


1188.0 






23 


190.98 


19.0 


s 


i Oa 


9 


-1189.91 


0.0 






24 


-425.68 


1.0 






10 


CO 


1148. 7 






2R 


xoo. oo 


lO. o 


c 
o 


l U 2 


11 


-206.41 


53.0 


S 


i Oa 


26 


-125.97 


15.4 






12 


-137.56 


1191.0 
















13 


-277.08 


0.0 
















14 


oo 


1191.0 

















[0 0 5 1] 18 (a) - (c) ttfSlSSS 

mwmm. as < C ) ^mimm<ofsm&ssmm. m 
ji (e) \*mimm<Dmwmm&*;'r. znz&um 

4 8. 4nm, 2 4 7. 9 n m&tf 2 4 8 . 9 nnTC& 
Z>Zh^~r o Cti€»JRH@J:0, *#Jtc43^TteiiflP 

[0052] meiz&^T, ma &*rrz>wm» 

mur .Mi' Sttfflbtfe, Wffi«:^ai3&**KT^ 

[0 0 5 3] [»2*JfiW ^0^2*Mt)ffg©^ 

MfD§5mHT&D, d<Pl*l9 lZ^~?£oiZ, U7-t7)Vl 
0±<D/*?— $1WG, £liT> 4> 



+K«*te«-rs. fit, ^©^l^raflftj&^cDTt 

/r*— 2 u d©«2*fsTOb&*5<o 
^4iRiS:pG4 -c^$nfc«2?iiM 5 ©rasa 

[0 0 5 4] MSJ^Ti^tC, ilWG, 

fil^^Pl OflO^SIitc, fll/>XL 11 , M0U>X 

\zmm&fawtz.iE*— 7,i27s i/>XL> 3 wi/f^;i/ 1 

Lm £il/>XU GflU>XL», U^JH OKCD 
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[0 0 5 5] fLT, fH4iK$Sti*G4 (S, lof^;H 0 
teiT&V, momtO. 4 5, M[i5mm, 

^iCcto, «SS€r2f&—3fS<S:3E(c^:€r<-rse:i:^ttl 

[0 0 5 6] fg2iKj|SrPGz RtK*4JR«»G4 



[0 0 5 7]fot, £©*2|&£0iJ©«fc5K:, SI2JK 
Irzs'? If — 3faZ> 2 4 8 n mC9i£g(C43tt£ , 1 n m 

[0058] *2*js*>!i^*3ttsffl^*sri , w$m 
di Rt«fi*r^©a2t^-r. ^t^ii&^t* « 

[0 0 5 9] 
«2] 
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[0 0 6 0] &fz> igj 1 0 (a) - (c) tt*2*S 

(DMumm, eh o (c) tta2H»fifii©ft*fejR^ 
a in o (e) ttjg2^«w©«jRM0£^*r. 



[0 0 6 1] IB 3 HM^J] ^©13 5lliS0iJli«/jN»* 
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IHlffifi[»«8M,«:#tf»2JR«:ffifGi CIO, J62JR* 

«F^*«ltC»UT4 5° T~mB8L2tlfzm 2 ?IiM, CD 

G< ICMO, SS4iR««G4 tr^$nfcM2?I 
a*, ^5iKtScPG 5 ^1t^x;m i cd^^gd/^ 
CO 0 6 2] liil:^tJ:^i: t ^UKttUG 
ttfciE^XXA^U'VXL.u 0£fl®£ft 

Sft, ^2iK^CPG 3 {*, U^^;H 0KlH]®£faWc 

;n otciH]M^rS]Wc^><-x^xi/>XL33> 

;H 0(CIH1M^^IWcIE^-X^XU>XL3s, 

;H OC(HIM€:r^WciE>-X^^U>XL 3 K diU> 

XL M , t£bU>XL 39 , dbU>XL JA , w;not; 

^Xl/>XL3GcfcOM$nT^5o 



[0 0 6 3] fit, *4JK«»G< te, U3^JH 0 
KGflJq£ftfrt£A;* ;W 7, 1/ >XL<i&t£ffS 2 HffiK 
M^ckOm^S^-TfeO, ^5JRj»PG 
stl U^JH 0^fiM£frtt7tIE;*^X#;*U>X 

u^#;n OCdbM^^]WcIE^^ix^xi/>X 
l 53 , i/^^;n otcms^r^tt^^-x^xu-vx 
Ls4^t>v^^;n otcaM^f^WciE^-x^xi/> 
XL 55c to^$nTt^o 

[0 0 6 4] BP'S, 4^KP]P£^0 2ftCD¥ 

^^nr^o, igflM&^tto. 2 5ft, MPfttao. 4 

5, #j#i^{22 Omm, 1^5 7-¥S«7 5mmT^ 
&<DT\ 3t^©Jt^4£*JC«fcO, ^^2ft-3fti 

fc, *2JKBa£G, Rrx»4JR®«G4 fnfni 

[0 0 6 5] *»Z0fc^3&t>, ®^rU>X^±T^S 
X3^>VU— tf— ?£C9 19 3 nmCDi&glC&tt^ 1 n 

[0 0 6 6] ^S^JfiWt^^Sffi^Sri , MpII 

[0 0 6 7] 
[*3] 



(12) 



#Hfl¥6-2 6 5 7 8 9 



i 
i 


r . 
i j 








i 
1 


*1 


a 1 




n 
\j 




in n 

1U. u 






QQ 


179 9Q 


1 1 n 
1 1. u 


0 1 U 2 


i 

X 


i i. oo 


ft n 


s 


i O2 


QA 
04 


—QAA OFi 
o44. oO 


n r 
u. 0 




2 


-R1 RfS 


^ n 

oo. u 






Q>S 
Oo 


QQ 77 


11 9 
1 1. *j 


0 1 w 2 


o 


?3i 


r n 


c 


J u 2 


Qfi 
OO 


R7 

ola t Of 


a n 




A 


71 ^1 

f 1. Ol 


^ n 






Q7 


_1^Q K7 


q n 

o. u 


0 1 U 2 


R 
o 


R7 


19 n 


c 

0 


i n „ 

1 U 2 


Q£ 
00 


Z4Uo, jo 


n q 

U, 0 




c 
o 


-77 QR 
if. oO 


uu. 1 






QQ 
00 


ca 70 
04. 


in n 
1U. U 


0 1 U 2 


7 


RR9 91 
oo£, £ 1 


0. u 


c 
0 


J KJ 2 


4U 


eft no 
DO. Do 


R n 




Q 
O 


7R HQ 
fa. uo 


1 ru. u 






A 1 
41 


Ol. OO 


4. U 


0 1 (J 2 


q 


-14H 9^ 


m n 


Q 

O 


J U 2 




>l R c^7 


t R 

1. 0 




in 

l LI 


-91R fi1 


QQ Q 

Oo. 0 






AH 

HO 


OU. £l 


1^. u 


c ; c\ 
0 1 U a 


1 1 


-1 OR (\A 
iOO. U*fc 


n n 


O 


i U2 


AA 
44 


-ylft Oft 
40. UO 


u. 0 




12 


oo 


QQ Q 

Oo. 0 






4R 


9ft 09 


7 R 
f . O 


0 1 U3 




91R fit 


in n 


c 
0 


1 Ua 


40 


IIQ 7Q 

llo. (b 


19*7 Q 
l^f. O 




14 


14fl 9^ 


19*. n 






47 
4 f 


_ion 07 


lu. 11 


0 1 U 2 


1 *i 
lo 


-IK *i4 

iO« U4 


r n 
O. U 


c 
0 


1 L/ 2 


4o 


— 97Q OR 

z r y. yo 


QR Q 




1 u 


-79 R3 


n q 










n n 
u. u 




17 


Duo, £0 


in n 

1U. u 


e 
0 


1 Li a 


ou 


1 C7 1 1 

lor. 11 


OR Q 

00. y 




1ft 


_QQ on 


r n 

0. U 






ol 


07Q QR 


in ft 


0 1 Us 


1 Q 
it? 


bD» ID 


0. u 


c 


1 2 


R9 
D£ 


■ton 0/7 
loU. Of 


1 qa a 
lo4. 0 




9n 

CXI 




n q 






Oo 


1(19 7fl 


Q ft 

0. U 


0 l U 2 


til 




n n 


0 


1 02 


o4 


9QQ 7Q 

Zoo. /o 


n r 
u. 0 




99 


JO. £0 


n q 

U. 0 






00 


ol. Uo 


Q ft 

o. u 


0 1 U 2 


9*3 


OQAO RQ 


7 n 


c 
0 


1 U 2 


Do 


oU. Ul 


^ ft 




OA 


QV 

O *fcO 


7 O 






Of 


RC QR 


H R 

7. 0 


b 1 O2 


9^ 


-QRQ tO 
ODO. 14* 


tin 

1 1. u 


Q 


l U a 


00 


tvtn qr 


C ft 




26 


-104.21 


0.5 






59 


-92,02 


7.0 


S i 0 2 


27 


-1285. 64 


11.0 


s 


i Oa 


60 


-103.29 


0.5 




28 


-166.22 


0.3 






61 


24.55 


8.0 


S i O a 


29 


116.73 


15.0 


s 


i Q 3 


62 


51.79 


12.0 




30 


-222.57 


50.0 














31 


945.64 


14.0 


s 


i 0 3 










32 


-133.90 


8.0 















[0 0 6 8] l£fz. M I 2 (a) - (c) tt*35« 
co^iKMI^, ^1 2 (c) tt»3*l(S0i|©fB*feJKII 
@> 111 2 (e) «*3«fi«©«JDiJI0^r. dtl 



(13) 



&HI§¥ 6-265789 



$^2JDMSfc»Gi tcMD, gl2JR##G, TJKStSn 

[00703 sac. jgix 3\z^x^\z, »ijr«c#g 

i oici£b®^r^WciE^-^^xu>XLu, 
i otcam?:rS]Wc^^-x^xu>XL, 5 , 

Lit, u^;h ofctHM^ftWtJi^— x#xu>x 

Lis&rXU^^l 0tCi£b®^^]^iE^-7,^7;U> 
^IHI®^^ttAc^^-X^XU>XL2,^IHimS^ 
[0 0 7 1] ^4iRiSr^G4 fi, U^;H0(C 

te, dhU>XLsu U^^;H Ot^GD^^rf^Wc^^- 



*#xu>Xl«, u^;n oicflM^ftWcli.*- 

^r^Wc^^-x^xu>XLs7, auvxLu&tflHi 
u>XL59<fo»fiEsnri^. 

[0 0 7 2] IP*,, +*tcBBn*|#^ltt<Z)5p 
®i£ (IEWtCtt2tt©^®**ft!i0^'to'&fc 5 Pffi*) , 
2tfc<OGflffiSI*«Saf2 OttO>J0»U>X«fcD«a£i* 

#g«f5*tt0. 2«. IBPftliO. 5, *»#Bitt2 
5mm, ^5^— ¥StSl 1 5mmT^5. fIL, ^ 

<t§ut/iMs:t^^m^. m2U 
[0073] *m<o%&&iz&\,*t. mmu>x^mm 

^iX^y^l/- If— 3^0 2 4 8 nmCD&SiC&tf^K 
1 nmCD^gipit^LT> ltt&C«WCDfiiBL^j:$ 

[0 0 7 4] *4^afi«(C^ttSft^*Sri , Mf^Pl 

[0 0 7 5] 
K4] 



(14) 



M¥6-2 6 5 7 8 9 



i 


f 


di 






i 

__ L 


r . 
* ] 


d ■ 

vi 1 




0 




121 4 






25 


-AID RQ 


17 0 




1 


7B7 44 


15 n 


Q 

V_) 




9fi 


-9BR9 Oft 

60J6» UO 


19 0 




2 


163 77 


4 0 






97 


OO 


n n 




3 


166 54 


25 0 


Q 
t_> 


i Do 


9ft 


41 R 

4 1 UO 


19 0 




4 


-505 <)7 


0 5 






9Q 


£cx)£. LKj 


17 0 
1 f » U 


O 1 \J 2 


5 


939 77 


iO« u 


o 
o 


1 U 2 


90 
OU 


A Aft ftQ 
44U„ Otf 


4o^. D 




u 




ft S 

O. O 








9QQ 79 

f O 


Qn ft 


U a r 2 


7 


1RR 04 




c 

o 


1 U 2 


99 


Z40. fU 


o* D 




Q 
o 


4fiQ 97 








99 


J JO* Oh 


in n 
iu. u 


O 1 U 2 


Q 


60R 7A 


15 o 


Q 


J U 2 


9>1 

04 


Oj^* OU 


n r 
u« 0 




in 


99ft Q? 








9* 
ou 


\AA GFi 
144* DO 


90 0 


u a r 2 


1 1 

1 1 




on o 


c 
o 


1 KJ 2 


9£ 
OO 


1 1 on nn 
1 JoU. ^ / 






12 


-210 62 


inn n 






97 


34. zKj 


99 n 

0£* U 


a r 2 


13 


3003 74 


90 n 


c 

w 


1 U 2 


9P* 
oo 


OiO CO 

04£» OO 


9 Q 




14 


-689 22 


Q 5 

O. \J 






9Q 




19 n 

1^. u 


o 1 Us 


15 


-32Q 44 


90 0 


C 

o 




40 


ri la 


9 n 
o* u 




IB 




1 5 






41 


RO Aft 
OU. 4U 


97 ft 


u a r a 


17 


90R Rfi 


90 0 
ou. u 


c 
o 


1 U 2 


4*5 


_c;99 AO 


9 K 




18 


1333.63 


447.0 






43 


-217.42 


12.0 


S i O a 


19 


-414.75 


17.0 


s 


i 0 a 


44 


-620.70 


2.0 




20 


-1772.13 


12.0 






45 


62.05 


18.0 


C a F* 


21 


OO 


0.0 






46 


-518.54 


2.0 




22 


427.51 


12.0 






47 


-653.52 


10.0 


S i O s 


23 


1772. 13 


17.0 


s 


i 0 a 


48 


600.35 


12.0 




24 


414.75 


652.6 















[0 0 7 6] 1H1 4 (a) - (c) (^4^5 

OD^iKMH, [11 4 (c) «m4^^09fg$^JiX^ 

@. hi 4 (e) ti*4ia60y©«iRiiia^^-r. 
[0077] i&smmm'] ^©is^jii, 

xmmznfzw-mmMt ©«ja«TS»sn^a> en® 



(Drpmm&femT&o fix, c<o+p B m^e>co3t^ 

[0 0 7 8] Ml_5f-^ct-5JC, *1JR««G 

i ttu^^;n ofia^ suite, u^;n o^tfbM^fS] 

WcM^— X*XI/>XLb, t0iU>XL u 2Sfc<WH]U> 
XLM«tO«^Sn, ff!2 i&8tpG 3 ti, U^ZJll 0 

Gz ti> U5"^;H 0{CEHM^WciE^-X^XU> 

^-7*^l/>XL Ml dbl»XLi5, au>XL», 

i o (cia®*ifii^fcft^-^*^ u>XL w , 



(15) 



4$B?¥6-2 6 5 7 8 9 



^1/>XU U^^H OtCMM^frWclM-;*;*} 
XU>XL»," t£bU>XL 3 a, u^;n ot;i£iM£ft 

[0 0 7 9] BPS, *W\t* *£:lZMn$:tfrDl#<D¥- 

mm. i&<Dwm&mmRzti 9tt©®sru->xj:o« 

^$n, ifeftfg^ttO. 2 5{&, Hin&teO. 45, i 



[0 0 8 0 ] #^<Z>*3^fc, JS#rU>Xte£T|gBfcE 
tf— 9 3 nme^jftfifCiStj-S, 1 n 

[0 0 8 1] S5|iJfi«(C*3^Sft*#Sr, , 

[0 0 8 2] 
K5] 



(16) 



6 5 7 8 9 



i 


r i 


di 




i 


r i 


di 


56*t 


0 


- 


2. 2 




25 


148. 11 


8.0 


S i 0 2 


1 


35.81 


8.0 


S i 0 2 


26 


-277. 55 


2.6 




2 


59.46 


12.6 




27 


-68. 13 


7.5 


S i 0 2 


3 


356. 73 


6. 0 


S i 0 2 


28 


-144. 78 


0.3 




4 


30.20 


11.7 




29 


111.88 


11.0 


S i 0 2 


5 


41.51 


8.0 


S i 0 2 


30 


-244. 49 


0.5 




6 


-300.87 


7.3 




31 


78.03 


11.0 


S i 0 2 


7 


-79. 79 


6.0 


S i 0 2 


32 


335. 30 


5.0 




8 


-50. 60 


221.9 




33 


-89. 48 


9.0 


Si 0 2 


9 


-110.93 


10.0 


S i 0 2 


34 


-178. 22 


3.0 




10 


-226.62 


6.0 




35 


61.88 


8.0 


S i 0 2 


11 


-126. 76 


0.0 




36 


-734. 75 


5.0 




12 


CO 


6.0 




37 


47. 13 


6.0 


S i 0 2 


13 


226.62 


10.0 


S i0 2 


38 


22.27 


2.0 




14 


110. 93 


119.9 




39 


26.01 


8.5 


S i 0 2 


15 


-31.41 


8.0 


S i 0 2 


40 


208. 27 


3.0 




16 


-28. 37 


1.0 




41 


18.76 


5.0 


S i 0 2 


17 


-76- 17 


6.0 


S i 0 2 


42 


15.39 


11.9 




18 


-38. 10 


1.0 












19 


no is 


o. u 


O 1 vj 2 










20 


-122.63 


L0 












21 


76.08 


9.4 


S i 0 2 










22 


61.43 


34.9 












23 


172.92 


8.0 


S i 0 2 










24 


-139.74 


L0 













[0 0 8 3] Sfc. mi 6 (a) - (c) tt*5*»0U 

(Dmumm. mi 6 u) \t&sm&m<D»m&wm 
m* mi 6 (e) itmsmm^mmm^mT. 

[oo8 4] imemmm] zLcomemmm^m^km 



z(r>m2 *t*mm& s <D^mm^mmM 4 %&tm 4 jk 

[0 0 8 5] mtt. Ml 7 iZ^T^\Z. Sg3^ifcf£G 

3 teu^;n operate, u^;n o ictfM^fttt 



(17) 



*MH¥6 - 2 6 5 7 8 9 



[0 0 8 6]flT, S4JR«*G4 te, WJHO 

tt, U^;H 0^dhM^WcIE><-X^XU>XL 
si> U^^;H OHt£bM^:^I^^>-X^7.U>XL 

S3 , U^^;H OfCElM^^^iE^-^^XU>XL 

a&tfu^^n o^di®^r^^c^^-^^7;u>x 

[0 0 8 7] BP^, 3|c^J«, +*{CB8nSr«f^l«r©¥ 
^3 mm, i^S7-fig}i4 1mm^So ill, # 



>xtjR»««t^»«$nfc^-ry©v>i;>5 7-(35 

[0 0 8 81 ®#U>Xtt£TJgfifc5 
X^yVl/- +f— ^OD 19 3 nm©»fl:*tj'5, 1 n 

m *> &£?tc*§iE£ nr^m^m<Dmnrz^m <t & ^ x 
us. 

[0 0 8 9] Seiafi^lC^tSffi^Sr, , MrelPl 

[0 0 9 0] 
»6] 



(18) 



%rffl¥'6 -2 6 5 7 8 9 



i 


r i 


di 




i 


r i _ 


dj 


TO 


0 


— 


4.0 




25 


48. 77 


10.0 


S i O a 


1 


95.98 


10.0 


S i 0 2 


26 


43.54 


5.0 




2 


65.75 


12.0 




27 


-112.55 


4.0 


S i 0 2 


3 


1434. 55 


7.0 


S i 0 2 


28 


21. 60 


1.5 




4 


60.07 


11.0 




29 


204. 26 


12.0 


S i 0 2 


5 


-23. 22 


10.0 


S i 0 2 


30 


-34. 05 


0.3 




6 


-27.51 


0.3 




31 


24. 14 


7.5 


S i 0 2 


7 


251.93 


8.0 


S i 0 2 


32 


-42.62 


140.0 




8 


51.85 


8.0 




33 


-131.63 


10.5 


S i 0 2 


9 


-68. 40 


7.0 


S i 0 2 


34 


-280. 63 


5.2 




10 


-56. 60 


51.0 




35 


OO 


0.0 




11 


763. 14 


15.0 


S i 0 2 


36 


na 16 


5.2 




12 


-105. 25 


2.0 




37 


280. 63 


10.5 


S i 0 2 


13 


-2171.46 


11.0 


S i 0 2 


38 


131. 63 


175.6 




14 


-398. 28 


0.6 




39 


99. 65 


8.0 


S i 0 2 


15 


657.88 


15.0 


S i 0 2 


40 


856.91 


0.5 




16 


-195. 65 


65.0 




41 


34. 40 


8.0 


S i 0 2 


17 


-1397.29 


14.0 


S i 0 2 


42 


28. 44 


7.0 




18 


-159.18 


8.0 




43 


44. 86 


7.5 


S i 0 2 




£>5o. Uo 


11. 0 


S i 0 2 


44 


115. 52 


5.0 




20 


-292.91 


0.5 




45 


-79. 28 


7.0 


S i 0 2 


21 


90. 28 


11.2 


S i 0 2 


46 


-66. 11 


0.5 




22 


-713.33 


4.0 




47 


22.09 


8.0 


S i 0 2 


23 


-101.29 


9.0 


Si0 2 


48 


18. 08 


11.9 




24 


-216.96 


0.3 













[0091] izrz. mis (a) - (c) \-ms$mm 
(Dmwmm* m i s (c> \zm6mmm<Diam&wm 
a mi s (e) tememm&KDmwmm&TFTo 

[0 0 9 2] WZ, *mWT*te (1) (4) 5t<£>& 

±m(o^mmm^n^^^t<DM^z'D^mm^- 

9zf. ±:&<D&mMm\z&rt%mimmGi 
5 mm Gs ©^nfnoi^^ f , ( i = i - 

5) , ^ti^etMD^yyrt— ;l4n£rpi( i = 1 — 5) , 



n©#g««^*i3.(i==i — 5) m2iR 

[0 0 9 3] 



(19) 



&ffl¥-6-2 6 5 7 8 9 



GS7] 

m i m: i&y <z> Mm 





R. 


«l 


Pi 


n i 


Pi 




G, 




145.01 


0.00436 


1.581705 


1.33 


-1.17 


G 2 


-1190 


594.96 


-0.00168 


-1.000000 


-0.876 




G 3 




146.71 


-0.00548 


-1.243795 


-LOO 


-1.00 


G 4 


-1190 


594.96 


-0.00168 


-1.000000 


-1.14 


-0 


G 3 




145.01 


0.00436 


1.581705 


0.75 


*V.OJ 


G T 






-0.0001 




-1.00 


-1.00 




[368] 

-m a ^ *s «ij © it t 


c: 






Ri 


U 


Pi 


n i 


fii 




G. 




70.19 


0.00960 


1.483971 


i in 


-1.12 


G 2 


-158 


95.26 


-0.01485 


-0.70688 


-y.oo 


G 3 




1 14.70 


0.01008 


0.86487 


-1 .uv 


-1.00 


G 4 


-158 


95.26 


-0.01485 


-0.70688 




-0.90 


G 3 




70.19 


0.00960 


1.483971 




G T » - 




-O.0004 




-1.01 


-1.01 




3 ^ 1&i 


CO 










Pi 




01 


'u 




-793.98 


-0.00196 


0.642 


0.826 


-0.412 


G 2 


-186 


103.76 


-0.01254 


-0.768 


-0.4988 


G 3 




104.63 


0.01688 


0.566 


-0.7755 


-0.7755 


G 4 


-167 


102.82 


-0.01491 


-0.653 


-2.425 


-0.7828 


G 3 




52.26 


0.01294 


1.483 


0.3228 


G T 






0.00040 




-0.25 


-0.25 



[0 0 9 6] [ilO] 

BfS 4 ^ fffe ^"J © ft 7C 





U 


Pi 


n i 


Pi 




G i 




508 J 1 


0.00216 


0.91045 


35.70 


-0.645 


G 2 


-428 


333.45 


-0.00592 


-0.50658 


-0.0181 


G 3 














G 4 


-417 


328.19 


-0.00609 


-0.5003 


-10.836 


-0.313 


G s 




100.04 


0.00983 


1.01689 


0.029 


g t 8 - 




-0.00003 




0.20 


-0.20 



[0 0 9 7] 



»1 1] 



(20) 



WHB¥6-2 6 5 7 





Ri 




Pi 


n i 


0i 


P>1 


G, 




-132.32 


-0.00865 


0.8737 


0.5585 


-0.254 


G 2 


-127 


B2.86 


-0.01909 


-0.6322 


-0.455 




G, 1 - 


14438 


0.02795 


0.2475 


-0.9837 


-0.9837 


G 4 1 - 












G s 














G T 


_ 




0.00058 




0.25 


0.25 






[HI 2] 

6 ^ C7) 3^ 






*i 


Pi 




Pi 




G, 














G 2 












G 3 




25.004 


0.01409 


2.8384 


-0.2847 


-0.2847 


G 4 


-143 


94.979 


-0.01687 


-0.6241 


-2.2162 


-0.8783 


G, 




84.227 


0.00306 


3.87995 


0.3963 


G T 






0.00028 




0.25 


0.25 



[0 0 9 9] _tS<E*7—«l 2tC*^UT> $ [0 10 0] 

(1) - (4) a>rt?*—*<Dm&&$£&WVE<D 1*13] 



^tef^-seC (1) , C2) , (3) » (4) ^^cfJrtS:^ 





s — ■ — ~^mtm\ 


1 1 


2 


3 


4 


5 


6 


(1) 




| 0.00324 


0.02928 


0.02786 


0.01199 


0.0193 


0.017 


(1) 


P 2 +P 4 <0 


1 -0.00336 


-0.02970 


-0.02745 


-0.01201 


-0.0191 


-0.017 


(2) 


o.i£ I p l2 I 2£2 


1.17 


1.12 


0.4 


0.65 


0.25 




(3) 


0.1^ | p 3 | ^2 


1.0 


1.0 


0.77 




0.98 


0.28 


(4) 


0.1£ 1 £ 4S t ^2 


0.85 


0.9 


0.78 


0.31 




0.88 



[oioi] £fc> *mwvte* <9) ms u A^m^mmmvE(D^otmt.u^x^i)^. * 

(9) (i o) tan5*2JR««Giarx [0102] 

*4JR^G«<D#/^*— £rRi PzmRiPtn K14J ' 



(21) 



6-265789 



S^f^s* CO) , CI 0) F*3 <Z> fffdSt <Z> ttXt* 



CAD 





IR 1 


P2 


n 2 


1 r> 1 

1 R 4 1 


P4 


n 4 


l 


1190. 


-0.00168 


-1.0 


1190. 


-0.00168 


-1.0 


2 


158. 


-0.01485 


-0.70688 


158. 


-0.01485 


-0.70688 


3 


186. 


-0.01254 


-0.768 


167. 


-0.01491 


-0.653 


4 


428. 


-0.00592 


-0.50658 


417. 


-0.00609 


-0.5003 


5 


127. 


-0.01909 


-0.6322 








6 








143. 


^>.Ol687 


0.6241 



[0103] l£tz. ^1 4<fc9, &mffimz£>^T, & 
^ (9) mS (1 0) ^Sn lP r 2/ | Ri L 

^rf^5E^ C8) , C 1 0D <2r> g^f 



<£><> 
[0 10 4] 
Kl 5] 



CEQ 





2/1 R 2 I 


n 4 p 4 


2/1 R 4 I 


1 | 0.00168 


0.00168 


0.00168 


0.00168 


2 | 0.0104971 


0.0126574 


OD104971 


0.0126574 


3 


0.0096307 


0.0107503 


0.0097362 


0.0107503 


4 


0 0029989 


0.0046782 


0.0030468 


0.0048009 


5 


0.0120686 


0.0157778 






6 






0.0105285 


0.0139703 



tl*> (1) 5*- (4) 7£<D$kft^ (9) (i 

0) ^(D^^m^nx^^^m^o 

[0 10 6] iU 
icli, JB$r^*£*£^3fli#£:L-t\ ->*J3T> (S 

1) , (Ge) , ftftaft (ZnS) Xtt 
tl/MM (ZnSe) m<0%&%7*&®MTZZ. 

[0 10 7] Hlc, #(B©ffi«ltc&SU^;H 0<DR 

#^>o ±»©#*«^©*¥*&* «»3ie*©* 



[0 10 8] J3£j&6fclfck ^fgXtelig/Jv&f^ 

[0 10 9] 

fc, ^OJB»r5^*i:©lft^to-frlc<fc0a»(cMlE 

for, t-Axyj^^-^ffl^ 

[0 110] *IIW©«2 0S»®»fS^3t** 



(22) 



&ffi¥ 6-265789 



mz. 2«c<DnmKmm^m^^ i:\zj: o> # 

[0®<Z>«W&iJMM 

[ H2 3 Hl.©»^fifc©*Jig«|$^-r«fiR@-C&S. 
[ 13 ] *^WfC«fc5SStJB»fidK3^^©*2©S* 

[ 1*14 3 *^JcJ:«K»JB#T»j»3t^^©*3©S* 

HM5 ] MA ©S**fi£0*^fif!l*^-r«fiJc@Tfft*. 

[18 ] ^miSWJKIIT^S. 

[fgi 3 




[ d 1 0 ] «2Safi«|<OiRM®T*S. 

[(21 T 1 3 *?S9icDff§ 3 *jKW©8#*¥^ ^^tJii 

[i!2 ] *3|glfi0y©iRMHT*5. 
[(Kl 1 4 3 ^4*«0!I©JRM0T&S. 

[ in i 6 3 msmmmvwmm-e&Zo 

[11 8 3 SB6*JfiW©4SJMaT?*S. 
[&-St©ifc9§] 

2 &® 
1 0 \s3-&)V 
1 1 &XJ\ 
G. ^lTOP 
G 2 £g 2 4*03$ 

g 3 m3wam 

G4 S£4iK£5tP 

g 5 mswrnm 

Hi, H 2 PUP 



[M2.3 




M« r 



(23) 



ftm¥>6 - 2 6 5 7 8 9 




(26) 



M¥6-2 6 5 7 8 9 



Ca)*g«225 <b>#ja«S (c>Stt4Z« 



N A- 0,45 



Y- 10.00 TT-10.O0 



~dtoio 



--: s 
-: M 



"TTOIO 




RAND 



0.001 



TT&OI 



ALL. COMA 



.001 



[110 ] 



COttMBS Cb)3*A«t£ (e) 



KA-0.45 



8 



I 



TJTOIQ 



Y-5.00 



TFTOlO 

cd) e^feQ^ 



CO 

-5*00 




RAND 



J-o.ooi 



"77001 



ALL COMA 



0.45 



.001 



(28) 



4#Hf!¥6 - 2 6 5 7 8 9 



m 1 2 j 



Ca) SftMttg 



C b ) ( c) Sflttjl 

Y-S.QO Y-5.00 



s 

M 



TTOIO OTOIO 



d.COl 



Ce) *JKM 
-19,99 



"TTTOOI 



RAND 



ALL_COWA 



HA--Q.50 



t-5.,00 



1 



[ill] 



t-5.00 



T 



Ce) ttft^ 



"TTTOIO 



24.65 



RAND 



"OTOOI 



a, 001 



ALL. COMA 



50 



.001 



(29) 



4#[H?¥6 -2 6 5 7 8 9 



[jg; i s i mw 7 i 




(30) 



«MPI1¥6 - 2 6 5 7 8 9 



[ 11 1 6 ] 



CO at stag 



NA — 1 



40 



Y-S.Qp Y-5. 00 



S 

: M 



TTTOIO &T0I0 




(e) 



* 20JD 

— 



RAND 



-H».00! 



TT7001 



-4 



ALL. COH A 



0.40 



001 



NA~£.iO Y - 3 'JP t-3.00 



"OTOlO 



-: S 



"ffroro 



CO 

»2-D0 



2^00 



RAND 



"OTOOI 



ALL COMA 

T WAj »-0.30 



001 



